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ABSTRACT
VALIDATION AND DIAGNOSTIC ACCURACY OF
EARLY NUMERACY SKILL INDICATORS
MAY 2005
SCOTT A. METHE, B.A., UNIVERSITY OF MASSACHUSETTS AMHERST
M.Ed., UNIVERSITY OF MASSACHUSETTS AMHERST
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor John M. Hintze, Ph.D
The Early Numeracy Skill Indicators (ENSIs) are a set of subtests designed to sample the
early mathematical behaviors of kindergarten students. Early intervention and preventionoriented practices in assessment are timely and fundamental components important to
educators and school psychologists alike, and are aimed at identifying at-risk students
who will likely benefit from strategic and intensive instructional support. These practices
are well developed in the academic area of early literacy and used to inform education at
numerous levels. Similar large scale educational achievement problems have been noted
by mathematical scholars and educators, which have intracultural and cross national
implications. Despite these caveats, a paucity of early assessment practices necessary to a
prevention-oriented practice are currently available to schools interested in early
mathematics assessment to drive instruction. Given the success of early literacy
assessment techniques developed from a paradigm of curriculum-based assessment
(CBA), the primary purpose of the current research is to develop the ENSIs as dynamic
measures of critical early mathematical skills. Longitudinal correlational analysis was the
primary research design, conducted over a 26-week period. As such, the measures were
examined in terms of internal consistency and reliability across time. Concurrent and
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predictive validation of the ENSIs with the Test of Early Mathematics Ability (TEMA-3)
and teacher ratings of curricular mastery was undertaken. In addition to hypotheses
regarding the reliability and validity of these measures, analyses of diagnostic accuracy
was completed using Relative Operating Characteristic (ROC) techniques popular in
multiple scientific fields dealing with high-stakes decision making. Inclusive participants
over the course of the study were 64 kindergarten children from three elementary schools
in a moderate sized post-industrial northwestern Massachusetts city. Results support the
conclusion that selected subtests of the ENSIs are reliable, valid, and diagnostically
accurate, demonstrating the potential for utility in the school community and contributing
to further scientific research. Implications for future practice regard the use of these
measures to prevent later mathematics failure and enhance student competency. Further
implications and limitations are discussed.
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CHAPTER 1
INTRODUCTION TO THE RESEARCH: RATIONALE AND PROBLEM
Chapter Overview
This chapter introduces theoretical concerns relating to the development of number
sense in young children (Aubrey, 2001; Brinkworth, 1985; Gazale, 2000; Maclellan,
2001; Scott, 1999) and how these developmental notions can be used to inform the
construction of experimental preventative assessment measures, known as Early
Numeracy Skill Indicators (ENSIs). Preventing school problems through early
assessment linked to intervention is critical to promoting student success (Daly, Hintze,
& Hamler, 2000; Deno, 1989; Fuchs & Deno, 1991; Fuchs & Fuchs, 2001; Shinn, 1995),
and relies on well-researched techniques in the area of early literacy (Fuchs & Deno,
1991; Fuchs & Fuchs, 1992; Good, Gruba, & Kaminski, 2001; Kaminski & Good, 1996).
Clarke and Shinn (2004), in a seminal study on the development of early numeracy
measurement tasks, recommend extending curriculum-based measurement techniques
(such as those used in early reading) to early mathematics, especially to students of
kindergarten age. To this end, this chapter develops and outlines research hypotheses
regarding the development of the ENSI measures in two primary categories: (a) issues
relating to the technical, psychometric, and diagnostic properties of the ENSIs, (b) the
utility of the ENSIs in identifying children at different levels of instructional need. The
following chapters describe the foundations, methods, and results of a correlationallongitudinal study of the ENSI measures.

1

Introduction
The current research is based on the assumption that screening young children for
grade entry-level academic skill is a necessary part of preventative instruction.
Assessment tasks examining readiness have been applied in the area of early and ongoing
language development (Kaminski & Good, 1996), are fluency-based (Shinn, 1995), and
are dynamically related to instructional reading and language arts curricula (Shinn, 1995).
Substantial research in this area has identified prioritized tasks that, when used as
sensitive indicators of student performance in content area instruction, can powerfully
facilitate educational problem-solving and promote student success (Deno, Fuchs,
Marston, & Shin, 2001; Good et al., 2001; Kaminski & Good, 1996). The current
research attempts to draw from these ideas to drive the development of early math
screening measures that are dynamic in nature and can be used to make instructional
problem-solving decisions.
The second assumption upon which the current research is built relates to the low
mathematics achievement of American students both intra-culturally (National Center for
Education Statistics, 2004a, 2004d) and across nations (National Center for Education
Statistics, 2004c; Office of Economic Cooperation and Development, 2003). As the
current research intends to develop preventative measures, it is necessary to discuss
current levels of American mathematics achievement and what types of positive impact
early screening for number sense may have upon later performance. This long-term
achievement consideration is related to the problem under consideration: A large number
of American high school and late-elementary students have not mastered basic
mathematics concepts and struggle in math (National Research Council, 2001). This fact
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limits the options of students entering the workforce and results in lowered socio¬
economic productivity (National Research Council, 1989; Parsons & Bynner, 1997;
Steen, 1987). Relatedly, the National Center for Educational Statistics (2004a-c) and
Stedman (1997) indicate that despite progress in American mathematics achievement,
American students continue to perform well behind their international counterparts.
Following from the previous assumptions, this research addresses the scarcity of
validated early screening technologies in math, useful to a problem-solving model.
Indeed, only two published studies have examined early numeracy indicators in the
preschool and first grade levels, leaving out kindergarten aged students (Clarke & Shinn,
2004; VanDerHeyden, Witt, Naquin, & Noell, 2001). This scarcity is particularly
important considering that student failure to acquire basic mathematics skill and concepts
may engender continued difficulty throughout the process of schooling and therefore
negatively impact learning (Haring, Lovitt, Eaton, & Hansen, 1978). As a corollary,
developing a theoretically grounded set of early math screening measures may help
prevent failure in mathematics. To this end, the current research attempts to develop
materials and procedures that can assess the development of early numeracy, a concept
related to mathematical understanding and the awareness that symbols relate to ideas of
quantity, place, or order (Clarke & Shinn, 2004; Clements, 2004; Gersten & Chard, 1999;
Kamii, 1982).
The scarcity of effective screening devices contributes to the problem of
underachievement insofar as it may limit school capacity to identify at-risk children early
in their development and monitor their growth in mathematical proficiency. Without
formative, data-based measures that can be readily used by teachers (Black & Wiliam,
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1998), decisions about young children’s mathematical proficiency can be subjective,
based on belief rather than scientific knowledge, summative in nature, and detached from
instruction (Shinn, 1995). Using efficient, data-based measures to help identify prior
knowledge (Aubrey, 2001) and guide instruction is an appropriate and ethical method to
raise student achievement and positively affect both teacher and student self-concept
(Black & Wiliam, 1998).
To best address the needs of children at-risk for math failure, the understanding
and development of number sense must be emphasized (Baroody, 2004; Clements,
Sarama, & DiBiase, 2004; National Research Council, 2001). Young children who
understand number and use this understanding to perform simple operations are more
likely to efficiently adapt to the use of mathematical symbols and higher-level problem
solving (Aubrey, 2001; Burton, 1993; National Research Council, 2001). To address and
prevent mathematics underachievement, a system of prevention (Fuchs & Fuchs, 2001)
must include a set of reliable and valid assessment techniques that can be used to index
student performance over time in response to instruction in early number concepts. As
such, this research seeks to develop and validate useful early math screening instruments.
Introduction to the Problem
Early screening to guide prevention and inform instruction in academic content area is
a necessary part of education (Gredler, 1992). However, the development of screening
technology specific to early mathematical development is sparse. Currently, only two
empirical investigations sought to identify potentially effective measures of early
mathematics understanding that can be used in multiple forms, in an ongoing fashion, and
as indicators of growth (Clarke & Shinn, 2004; VanDerHeyden et al., 2001). Prior to
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discussing the current state of early mathematics assessment and instruction, it is
necessary to expand two fundamental ideas that underpin the current research efforts to
identify valid early math screening instruments. The first is the notion that early
screening can be effective in preventing academic difficulty and is an essential
component of education. This idea balances upon the extensive research identifying early
indicators of language development and their profound utility. The second idea is related
to the mathematics underachievement of American students (Stedman, 1997).
Issues in Measurement and Data-Based Decision Making
Early Assessment and Screening
Early screening can be defined as the brief examination of children for readiness in
certain critical areas of development (Gredler, 1992). In school, critical areas of academic
development include reading, writing, mathematics, and social skills (Howell & Nolet,
1999). The concept of school readiness has traditionally focused on identifying
maturational levels, and has thus produced what Gredler (1992) terms a “wait and see”
attitude in early education. This idea limits the potential effectiveness of early childhood
instructional activities that seek to close an identified developmental gap (National
Assessment of Educational Progress, 2003) between children with economic and
developmental opportunity and those without. Such an approach not only limits the range
of instructional activities, but can also negatively affect a child’s learning trajectory, or a
trend in content-area growth. Stanovich’s (1986) “Matthew Effect” as understood in
reading trajectories cites a wealth of evidence indicating that those with early skill
foundations “get richer,” while those without such skills “get poorer.” The need to
identify students that possess less entry-level skill, from a developmental perspective, is
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fundamental to the importance of educational decision making. This is primarily because
once students are identified by early screening technology, or any assessment for that
matter, decisions are made regarding appropriate instructional placement (Good et al.,

2001).
Early screening plays a fundamental role in decision making. The National
Association of School Psychologists Blueprint for Training and Practice II (Ysseldyke et
al., 1997) cites the need for school psychologists to engage in data-based decision
making. Data-based decision making is not a concept reserved for school psychologists,
rather, it is an approach toward educational accountability. Data-based decision making
uses a problem-solving model to identify the need for preventative and remedial
instructional activities geared toward positive educational outcomes (Deno, 1989; Deno
et al., 2001; Shinn, 1989). This approach is fundamental to developing early math
screening measures that can be used to inform instruction and prevent later failure.
Currently, two primary and related measurement technologies exist in the area of early
and ongoing language and reading development. Both the Dynamic Indicators of Basic
Early Literacy Skills (Kaminski & Good, 1996) and Curriculum-Based Measurement
(CBM; Shinn, 1989) are valid indicators of growth that can be used to examine response
to instruction (Fuchs & Fuchs, 1992) and aid in decision making (Hintze, Ryan, &
Stoner, 2003). CBM is a set of methods used to assess reading development in which
short-duration reading passages are sampled from specified curricula and individually
administered to students. CBM provides a rate-based measure of the accuracy and speed
of a child’s reading and constitutes a general-outcome measure for reading proficiency
(Deno et al., 2001; Fuchs & Deno, 1991). DIBELS are used to assess a young child’s
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understanding of alphabetic and phonological awareness: skills necessary for beginning
reading and predictive of later performance.
Both DIBELS and CBM share common features that have been readily adapted in
other content areas (Shinn, 1989), including mathematics (Schul-Thurber, Shinn, &
Smolkowski, 2002) and early numeracy (Clarke & Shinn, 2004). These shared features
can be described as DIBS: Dynamic Indicators of Basic Skills. They are dynamic because
they are sensitive to subtle gains in performance and changes in instruction or curricular
adaptations. They are indicators because they act to identify problems that warrant
intervention and can be used repeatedly, in multiple forms. Finally, they are indicative of
basic skill deficits, not in overall, higher-order conceptual development. Assessing basic
skill acquisition and fluency is essential because the inability to use basic skills can limit
the acquisition of more difficult concepts and skills present in later development (Daly HI
et al., 2000; Haring et al., 1978). The current research adopts a DIBS approach in
developing early numeracy skill indicators for kindergarten students.
Diagnostic and Decision Accuracy
Complementing the need for data-based early screening technologies, it is essential to
ensure that measures used can accurately identify students in need of differential levels of
instruction, or simply, students diagnosed as belonging to different categories of risk
(Good et al., 2001; Kaminski & Good, 1996). Students at greater levels of need are
typically placed in a more restrictive setting and instructed in different ways (Kavale &
Fomess, 1999). Such remedial instruction can include slower paces, the use of multisensory materials, and restriction from the social opportunities presented by general
education (Jacob-Timm & Hartshorne, 1998; Kavale & Forness, 1999). Because these
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instructional decisions carry high-stakes, diagnostic accuracy is essential when making
decisions to aid instructional placement and/or modification (Daly IE et al., 2000; Swets,
1988, 1992).
Diagnostic accuracy examines how well a screening test (a) correctly classifies at-risk
students on a later criterion measure, also known as sensitivity and (b) correctly classifies
adequately performing students on a later criterion measure, known as specificity
(Gredler, 1992; Swets, 1988). Related to these ideas, respectively, are positive and
negative predictive power. Positive predictive power (PPP) yields a value representing
the ratio of those correctly classified as having a problem to the total number of students
identified as having a problem on the screening measure. Essentially, PPP is a value
indicating the degree to which a problem exists, given a positive rating on the screening
or test measure. Negative predictive power (NPP) yields a value comparing those
identified on the criterion as not having a problem to the total number of students
identified as not having a problem on the screening measure. For example, in the current
research, the Test of Early Mathematics Ability, third edition (TEMA-3) is the criterion
measure, thus acting as the comparative “reality” to which the results of the ENSI
measures are compared.
Because diagnostic accuracy relates performance on a screening measure to later
performance, it is essentially interested in the predictive utility or “power” of a measure.
Swets (1992) writes, “the use of decision techniques could substantially benefit
individuals and society” (p.522), and emphasizes accuracy in linking high-stakes
diagnoses with their outcomes. Hintze et al. (2003) examined the diagnostic accuracy of
DIBELS using Receiver Operator Characteristic (ROC) curve analysis - a highly
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effective signal-detection technique that specifies, in a post-hoc analysis, valid results
from invalid “noise.” ROC analysis is similar to conditional probability analysis and the
examination of sensitivity and specificity (Gredler, 1992). It differs in its highly specific
approach, which essentially indexes decisions along a “best-case” plotted threshold. Such
a threshold is the capacity reached when the indicator, or signal, is separated as
effectively as possible from the interfering stimuli, or noise. ROC analysis results in a
cut-score criterion that minimizes false positive and false negative results.
Indeed, accurately separating the wheat from the chaff is important in the social
sciences, where threats to valid results are ubiquitous (Shadish, Cook & Campbell, 2002).
Hintze et al. (2003)’s study was the first to use ROC curves to examine the diagnostic
accuracy of the DIB ELS. Their results indicated that cut-scores for educational decisions
using DIB ELS predicts later performance with adequate levels of sensitivity and
specificity. The current research intends to use ROC curve analysis to determine the
predictive power of the Early Numeracy Skill Indicators (ENSIs).
Instruction and Intervention Issues in School Mathematics
American Math Achievement
A wealth of national panels and organizations (Cawley & Miller, 1989; National
Research Council, 1989, 2001, 1993) agree that a problem exists in the mathematics
performance of American students. However, the nature and extent of this problem is
unclear. The National Assessment of Educational Progress (NAEP) also known as “the
nation’s report card” examines children’s performance at grades 4, 8, and 12, and has
attempted to clarify the extent of the problem (National Assessment of Educational
Progress, 2003). NAEP results indicate that average achievement scores have grown
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considerably from 1990 to 2003 in grades 4 and 8, but declined for grade 12 from 1996 to
2000. More alarmingly, grade 12 students who achieve basic proficiency have declined
considerably from 1996 to 2003. The National Council of Teachers of Mathematics
(2000) is clear in advancing the ubiquitous nature of mathematics in society and warns,
“those who understand and can do mathematics will have opportunities that others do
not; Mathematical competence opens doors to productive futures” (p.50). The National
Research Council (2001)’s report Adding it up: Helping Children Learn Mathematics
writes that inadequate mathematical performance “hampers national growth” (p.407).
Steen (1987), Parsons and Bynner (1997) and a previous report of the National Research
Council (1989) agree with more current findings (National Research Council, 2001) as
each of these sources demonstrate how math difficulty during the years of schooling is
related not only to decreased workforce productivity, but more fundamentally to failure
to grasp basic tenets of mathematics such as numeracy, not to mention scientific and
rational logic.
Despite such disheartening findings, national organizations also demonstrate student
growth over time in mathematical performance (National Center for Education Statistics,
2004a, 2004c, 2004d), but agree that sweeping changes must occur in order to sustain
performance gains into later grades and beyond (National Research Council, 2001; Wu,
1999). As such, these organizations elucidate carefully planned and consensual protocols
for addressing changes in assessment practices and curricular design. Additionally,
NAEP (2003), the Early Childhood Longitudinal Study (National Center for Educational
Statistics, 2002, 2004), and The National Research Council (1993, 2001) seek to identify
accompanying factors such as teacher training level, socio-economic status, background
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knowledge, and others to aid in clarifying scaffolds that lead to success (Jimerson,
Egeland, & Teo, 1999; Stevenson & Newman, 1986). Although the general consensus is
that children with more opportunities outperform those without such opportunity,
advances in early math instruction (Arnold, Fisher, Doctoroff, & Dobbs, 2002) and
assessment (Clarke & Shinn, 2004; National Research Council, 1993; Schul-Thurber et
al., 2002) seek to address the problem preventatively. It is the contention of this research,
drawing from the recommendations of Clarke and Shinn (2004) that the development of
early mathematics assessment needs to be expanded and extended toward students of
kindergarten age.
Early Mathematics Assessment
Few empirical studies have sought to examine the relationship between early
mathematics proficiency and later achievement, an essential goal of educational
assessment used to inform decision making. This is based on little consensus regarding
early indicators of general outcomes in mathematics. Various studies have suggested that
the lack of clearly identified outcome criterion (Priest, et al., 2001) and low emphasis on
formative assessment (Black & William, 1998; Howell & Nolet, 1999) are factors in
faulty assessment practices that disregard links between assessment and instruction.
Howell and Nolet (1999) suggest that the breadth of mathematics curricular standards
resist the development of a general outcome measure for math skill (p.367). Despite the
lack of a general outcome measure and attempts to clarify such an index (Schul-Thurber
et al., 2002), it is clear that measurement is an activity necessary for assessment - a more
comprehensive process of collecting information (Howell & Nolet, 1999). As such, the
NCTM has developed standards to define assessment goals (National Council of
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Teachers of Mathematics, 2000). To also address the necessary link between assessment
and instruction, the NCTM 2000 Standards indicate the need for assessment to promote
equity and enhance student learning and outcomes. Similar ideas regarding the need to
enhance instruction and focus on critical content areas are contained in a 1993 policy
brief of the National Research Panel, entitled Measuring What Counts. Other standardsbased attempts to align early assessment practices with instruction have been undertaken
by the National Education Goals Panel (1998) and the National Research Council (1989,
2002). As summarized by Shepard, Kagan, and Wurtz (1998) of the National Educational
Goals Panel, a general principle of coherent curricular reform is to garner consensus on
what constitutes early school readiness and to use this information to monitor children’s
early growth toward shared outcomes. Various members of the Early Childhood Research
Institute on Measuring Growth and Development (Priest et al., 2001), in examining
general growth outcomes typically useful to curriculum development, suggest that long¬
term high school outcomes can be traced backward in an effort to “identify prerequisites,
levels of typical performance, or ‘benchmarks’ that precede or predict performance...”
(p.163).
To further clarify the relationship between early and later success and establish
coherence regarding math outcomes, the Early Childhood Longitudinal Study (ECLS,
2002) examined the relationship between early math competencies of kindergarten
students such as symbolic understanding, relative size, sequence, and operations as they
relate to first grade skill (National Center for Education Statistics, 2002, 2004b). The
ECLS found that children competent in counting, number understanding, relative size and
ordinality performed above students who displayed entry-level deficits in such skills.
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Further clarifying the factors that relate to later achievement, Jimerson et al. (1999) and
Stevenson and Newman (1986) suggest that the early school environment and
curriculum, as well as other factors in early development play a significant role in
predicting long-term student outcomes.
In rethinking the relation between assessment and instruction in mathematics, it is
necessary to examine current mathematics assessment activities, roles, and functions.
This is especially important in elucidating the rationale for the development of early
measures as activities to promote student success. It is clear that current mathematics
assessment used to inform educational decision making exists primarily in a large-scale,
high-stakes fashion. It is thus logical to implicate these assessment practices as too little
and too late in identifying mathematically needy children in upper grades (National
Research Council, 1993). Indeed, using large scale criterion-referenced tests as avenues
for norm-referenced decisions is a misuse of such tests and may not directly result in
improved outcomes at an individual classroom level (Linn & Gronlund, 2000).
According to Black and Wiliam (1998), externally imposed assessment practices that do
not facilitate classroom learning and are ineffective avenues of standards-based reform
should be replaced by formative assessment that can provide “direct help and support to
the everyday classroom task of achieving better learning...” (p. 140). Many have
supported the idea that assessment should inform learning and be used to evaluate the
processes by which learning occurs (Howell & Nolet, 2000) rather than assessing levels
of student achievement.
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Early Mathematics Curricula and Standards
The NCTM is the primary source of establishing standards and reform in mathematics
curricula in the United States. In 2000, this organization reissued the 1989 Curriculum
and Evaluation Standards for School Mathematics under the title of Principles and
Standards for School Mathematics. The NCTM incorporated panel-based work from the
mid 1990s regarding assessment and curricular standards. In sum, the Principles (2000)
are a coherent, research-based set of guidelines for establishing unifying activities in
assessment and instruction as it relates to increasing student performance, proficiency,
competence, and self-awareness in mathematics. The NCTM adopts a set of curricular
standards for each grade, and indicates that a foundation for later problem solving and
complex understanding resides in the early understanding of number and operations
(NCTM, 2000). Clements (2004) and Baroody (2004), synthesizing a research agenda for
the NCTM suggests that indeed number sense and operations forms a cornerstone for the
mathematics curriculum. Other curricular issues have been addressed by Aubrey (2001),
and address the need for early math programs to better address the identification of
informal (home-based learning, numerical vocabulary) and formal (symbolic and additive
properties) systems of instruction.
A Rationale for the Development of Early Numeracy Skill Indicators
The strongest conceptual rationale for the development of early math assessment is the
need for teachers to know what skills and concepts a child already has in order to
facilitate more complete mathematical understandings (Aubrey, 2001; Campbell, 1999;
National Research Council, 2001; Wu, 1999). Critically related to this idea is the need for
teachers to focus on a set of conceptual and skill-based prerequisites in order to
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efficiently and effectively instruct students with diverse learning needs (Clarke & Shinn,
2004; Deno et al., 2001; Howell & Nolet, 1999; Priest et al., 2001). Indeed, a number of
theoretical explorations of teacher roles (Aubrey, 2001; Campbell, 1999; Kamii, 1982)
are clear that children’s development in the mathematics curriculum is affected by the
kinds of decisions a teacher makes. Given the substantial links between early
performance and later achievement, it is essential to clarify the competencies necessary
for success and, if found to be lacking, can place a child at-risk for failure (Aubrey, 2001;
Campbell, 1999; Gredler, 1992). A substantial body of work has demonstrated the
effectiveness of this approach in identifying children at-risk for reading failure,
monitoring student progress under instructional conditions (Adams, 1990; Deno et al.,
2001; Fuchs & Fuchs, 1992; Kaminski & Good IQ, 1996; Shinn, 1989), and using such
information to assist in classroom instructional decisions (Black & Wiliam, 1998). Early
identification through dynamic assessment is especially important in mathematics, given
that math proficiency is necessary for many daily activities, which clearly opens doors to
productive futures (National Research Council, 1989, 2001; Steen, 1987), and is a
suggested practice to help inform early instructional efforts (Aubrey, 2001; Campbell,
1999).
Early skills that comprise effective curricula (Arnold et al., 2002; Aubrey, 2001;
Campbell, 1999; National Research Council, 1989, 2002) as well as assessment practices
linked to these skills (Clarke & Shinn, 2004; National Research Council, 1993;
VanDerHeyden et al., 2001) relate to a child’s understanding of number, or number sense
(Aubrey, 2001; Brinkworth, 1985; Burton, 1989; Fleischner & Manheimer, 1997; Gazale,
2000; Gersten & Chard, 1999; National Research Council, 2002). The NCTM (2000) and
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the National Research Panel (2002) indicates that understanding number can help foster
(a) an understanding of relationships between numbers, (b) the idea that number is
versatile and can grow, and (c) number can be used to describe attributes of objects. Early
numeracy as a construct, then, can be seen as a constellation of concepts such as one-toone correspondence, relative size, cardinality, and ordinality, all of which relate to
number sense, counting, and numeration ability (Campbell, 1999; Gazale, 2000; National
Research Council, 2001; Scott, 1999).
As numeracy relates to performance, counting skill has been identified as an avenue
by which children demonstrate their understanding of number, both through recitation
and enumeration (Campbell, 1999; Fleischner & Manheimer, 1997; Gersten & Chard,
1999; Griffin, Case, & Siegler, 1994). Skills essentially dependent upon numeracy are
operational skills such as early addition and subtraction (Clarke & Shinn, 2004; SchulThurber et al., 2002), not necessarily with regard to symbolic base-10 notation. Given the
foundational nature of number, early assessment that evaluates children’s understanding
and proficiency with number and its related concepts can inform instructional efforts.
Early Numeracy Skill Indicators (ENSIs)
The ENSIs are a set of individually administered measures of a child’s competency with
early number concepts. There are five experimental measures used in the current study:
Number Recognition Fluency (NRF), Counting-On Fluency (COF), Quantity Match
Fluency (QMF), Ordinality / Relative Position Fluency (ORPF), and Relative Size
Fluency (RSF). These measures are hypothesized to measure a child’s early numeracy
skills, as defined theoretically in numerous sources (Aubrey, 2001; Baroody, 2004;
Baroody, Ginsburg, & Waxman, 1983; Campbell, 1999; Clements et al., 2004; Kamii,
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1982) and empirically operationalized through assessment and intervention studies of
students in schools (Clarke & Shinn, 2004; Griffin et al., 1994; Kroesbergen & Van Luit,
2003; National Center for Education Statistics, 2002, 2004b; Van Luit & Schopman,
2000; VanDerHeyden et al., 2001). The ENSIs are described in more detail in chapter 2,
and results of their use are discussed in chapter 4.
Problem Statement
During the current period of American mathematics underachievement, there is a sparse
reference and research base for school psychologists and various educators interested in
psychoeducational measurement demonstrating the early skills and knowledge predictive
of math success, leading to an underdeveloped prevention-based formative assessment
paradigm in the area of early numeracy, especially with kindergarten students (Clarke &
Shinn, 2004).
Purpose of the Current Research and Proposed Contributions
The purpose of the current research is to develop theoretically sound measures of early
numeracy that can be used to identify kindergarten students who are at-risk for
mathematics failure, are sensitive to mathematical growth over time, and inform
instructional practices. As such, this research seeks to develop measures that (a) are
reliable across persons and time, (b) are internally consistent, (c) are valid with current
measures of early math skill, (d) can accurately predict student performance on a criterion
measure administered later, and (e) have diagnostic accuracy in identifying risk status.
The development of Early Numeracy Skill Indicators (ENSI) will contribute to the
current research base in a number of ways. First, it can extend the rationale and similar
procedures used in previous studies (Clarke & Shinn, 2004; VanDerHeyden et al., 2001)
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to kindergarten aged students, while concurrently expanding the current paradigm of
screening and formative assessment in early mathematics of which school psychologists
and related educational practitioners may look for assessment material. Second, this study
can further clarify the theoretical development of instruments that intend to measure
number sense, or numeracy. Third, this research can be applied to existing early
childhood assessment practices that do not accurately identify students at-risk and inform
instruction in an ongoing manner.
Research Questions and Hypotheses
The first group of research questions seeks to address the reliability of the probes
under development. The first questions ask (a) do the ENSIs produce scores that are
stable over time and across examiners and (b) are combinations of subtest scores closely
related and thus internally consistent. The second group of research questions seeks to
examine the validity of the ENSI subtests. The first of these, dealing with concurrentcriterion validity, asks if the ENSI probes are meaningfully related to the Test of Early
Mathematics Ability, Third Edition (TEMA-3; Ginsburg & Baroody, 2003) and teacher
rankings. Second, to address predictive validity, do prior observations of student math
ability as measured by ENSI subtests predict later ability on the same subtests and more
comprehensive measures of mathematics ability?
The third group of research question seeks to address the diagnostic accuracy of the
ENSI probes using cut-score performance on the TEMA-3 as a criterion. First, are ENSI
cut-scores accurate and thus practically useful in discriminatively predicting students
found to be at-risk and not at-risk on more comprehensive measures? Second, do these
cut scores minimize false identification of students in each risk category?
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It is hypothesized that the ENSI probes under development will produce scores that
are stable across raters, time, and of sufficient internal covariation. Secondly, the ENSI
probes will produce scores meaningfully related to more comprehensive measures of
math ability. Thirdly, ENSI produces scores that, when observed prior, relate to and thus
predict within-student scores on the same subtests as well as more comprehensive
measures of math ability obtained later in time. The final research hypothesis states that
the ENSI probes will produce cut-scores that accurately identify those students identified
by the TEMA-3 as having a problem and not having a problem, while minimizing false
identification of students in such categories.
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CHAPTER 2
LITERATURE REVIEW
Chapter Introduction and Overview
Early numeracy encompasses the ability to use concepts of number to perform
operations and solve problems prior to, during, and after formal schooling. Broadly,
numeracy can be viewed as a concept analogous to literacy insofar as each implies
facility with specialized symbolic notation necessary for effectively communicating
ideas. For example, using the products and processes of the alphabetic writing system
efficiently is the key to defining literacy (Adams, 1990; Kamhi & Catts, 1999; Kaminski
& Good, 1996). Similarly, a working definition of numeracy proposed herein attempts to
emphasize similar ideas related to the comprehension of and productivity with
mathematical symbols and rules (e.g., 3, 7, 891, +, -, >, =). Early experience with number
develops conceptual structures and organizes math knowledge, making comprehension
and productivity possible (Baroody, 2004; Gersten & Chard, 1999; Griffin et al., 1994).
Organized knowledge is especially important in providing a foundation for mathematics,
given the structural regularity of the number system. Structural regularity refers to
repeating patterns, rules, and operations organized around fundamental concepts, learning
standards, and “big ideas” (Clements, 2004; Woodward & Kaufman, 1998).
For schoolchildren to use numeric language, which is comprised of symbols,
procedures, and operational-interaction rules, they must develop a “number sense”
(Aubrey, 2001; Baroody, 2004; Baroody et al., 1983; Clarke & Shinn, 2004; Clements et
al., 2004; Griffin et al., 1994; Howell & Nolet, 1999; National Center for Education
Statistics, 2004b; National Research Council, 1989, 1993, 2000, 2001; Scott, 1999;
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VanDerHeyden et al., 2001). In the previously cited studies, anecdotal reports, and
theoretical explorations of early math, number sense includes symbolic and non-symbolic
competencies such as (a) facility with matching quantities to symbols, (b) counting, (c)
naming symbols, (d) grouping sets of items, and (e) recognizing attributes of objects.
These sources further indicate that using numeric symbols to count, name numbers, and
recognize size and order are later manifestations of number sense (Aubrey, 2001;
Baroody, 2004; Campbell, 1999; Clarke & Shinn, 2004; National Center for Education
Statistics, 2004b) and inclusive of finer, earlier developed concepts such as cardinality,
conservation, one-to-one correspondence, and the concept of part-whole. Overall, these
and other studies suggest developmental and predictive links between facility with
number sense and later achievement (Clarke & Shinn, 2004; National Center for
Education Statistics, 2002, 2004b; VanDerHeyden et al., 2001). The development of
numeracy as an observable, measurable, and developmentally sensitive phenomenon
depends upon the idea that such a link exists and can be operationalized.
Chapter Layout
Prior to establishing a working definition of numeracy, issues pertaining to its origins,
fundamental components, sub-skills, and basic concepts will be explored. Following the
establishment of a working definition, the remainder of this chapter will examine the
infrastructure of current mathematics curricula, instruction, and assessment in the early
years. This exploration necessarily includes addressing cross- and intra-cultural
achievement issues, concepts of testing and measurement, and data-based decision
making. To emphasize psychological aspects of the current study, especially those related
to school psychology, components of decision science are explored relating to the need
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for accurate decision making in schools. The final output of this chapter is the
development of an exploratory conceptual summary pertaining to using what is known
about early numeracy to inform the development of Early Numeracy Skill Indicators
(ENSIs).
Brief Problem Statement
Currently, there is a sparse research base available for school psychologists and
various educators that demonstrate the specific early skills and knowledge predictive of
math competency, leading to an emerging yet underdeveloped prevention-based
screening and formative assessment paradigm in the area of early numeracy. Three
embedded ideas must thus be explored in examining the extent of the current problem
and proposing ameliorative techniques: (a) critical early skills and knowledge in math
and the degree to which such information is embedded in early childhood standards, (b)
theoretical and empirical links between early mathematics skill and underachievement,
and (c) current technological issues relating to the tools available to school psychologists
that can be used in early formative assessment geared toward the prevention of
fundamental skill deficits.
The current research seeks to address this problem through developing field-tested
measures of early numeracy founded upon a synthesis of current empirical and theoretical
knowledge in mathematics education and psychological research. The current research is
primarily concerned with developing valid measures with predictive and diagnostic utility
as its fundamental aim and scientific contribution. The assessment tools under
development in the current research are intended to identify kindergarten students at-risk
for later failure in math before formal operational math instruction begins.
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Part I: Early Mathematics Skill and Knowledge: Content, Curriculum, and Instruction
Numeracy: Historic, Semantic, and Practical Origins
The most fundamental idea in mathematics is that of number (Aubrey, 2001;
Baroody, 2004; Burton, 1989, 1993; Gazale, 2000; National Research Council, 2001;
Scott, 1999; Steen, 1987). The National Research Council (2003) defines number as a
property or attribute of the environment used to describe and communicate. To a large
extent, any proposed definition of numeracy is embedded within an historical context that
informs the representation and use of numeric symbols. Two current systems, the HinduArabic and Chinese, draw from the evolutionary attributes of their predecessors
(Egyptians, Mesopotamians, Greeks, and Romans). These two systems have important
implications for school mathematics and offer a number of contrasts. As will be evident,
the level to which counting, naming, and using numbers develops depends on the way
numbers are linguistically represented and used across systems (Miller, Smith, Zhu, &
Zhang, 1995; National Research Council, 2001; Perry, 2000). The fundamental purpose
of math learning is to develop representational schemas and learn to use numbers to solve
problems.
An historical exploration of number is directly concerned with how numbers came to
be represented and used over time. It is argued herein that fundamental concepts of
number sense must indeed underpin and bind together this “bewildering variety” (p. 163;
National Research Council, 2001) of representational systems (Aubrey, 2001; National
Research Council, 2001). Therefore, it is essential to understand some fundamental ideas
that underlie number, having an historical context of continuous relevance in teaching
and learning. First, however, it is important to examine the ways numbers are represented
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in two popular systems, which will provide a foundation for discussing, later in the
chapter, (a) the differences in student performance across these systems, and (b) how
bridging conceptual gaps across systems can lead to increased knowledge and school
success (Aubrey, 2001; Gersten & Chard, 1999; Griffin et al., 1994; National Research
Council, 2001).
Ancient Egyptians relied upon mathematics for inherently practical aims such as the
establishment of a calendar, taxation, and measuring deltas. As long ago as 3000 B.C.,
Egyptians used basic mathematical ideas such as symbol-quantity matching (linking of
glyphic symbols to number sets) and geometry (calculating the size of shapes based on
smaller units). Strong arguments are made suggesting that Physics, Astronomy,
Geometry and Calculus advanced due to the need to calculate the length of the day,
month, and solar year, while also calculating tax based on changes in land use due to the
ebb and flow of the river Nile (Gazale, 2000; National Research Council, 2001; Seife,
2000). These procedures developed at about the same time the first Mesopotamians
advanced counting from a need to track their flock, and developed the first calculator
known as an abacus. Later mathematical advances include a synthesis of (a) intellectual
exercises of the Greeks that allowed for prediction and calculation and (b) practical needs
emanating from agrarian far-East cultures. It is indeed interesting that these ideas relate,
in some sense, to the NCTM (2000) recommendations for academic study, procedural
proficiency, and practical application in mathematics; Arithmetic learning and
mathematics success is based on an early foundation with counting (National Research
Council, 2001). The Egyptian and Mesopotamian representational system provided a
foundation for the numeric symbols we use today, known as Arabic numerals.
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The Hindu-Arabic system relates directly (both in time and procedure) to the current
American mathematical symbology, known as a base-10 language. Base-10 refers to the
basic unit of manipulation, and utilizes the numerals 1-10. It is not surprising that base-10
counting is of such fundamental importance when considering the number of fingers on
two hands (Gazale, 2000; Seife, 2000). Hindus were proficient with counting, calculation,
and synthesizing zero into their system; The Arabs coded the Hindu numbers and began
to develop algorithms as a result of the breadth of cultural knowledge advanced under the
Arabic Empire. When contextualizing conceptual prerequisites for basic math skill, as it
currently applies, one must consider Gazale (2000)’s finding that Hindus were “uniquely
gifted for abstraction” (p. 42), having embraced the abstract, dangerous, and shocking
idea of a void known as zero (Seife, 2000), and often praised deities through endless
counting chants. Due to its location, early Indian culture synthesized Greek intellectual
explorations of number, practical applications borne of Eastern societies, and spiritual
influences. Additionally, Hindus further developed and encoded stylized variations of the
Sanskrit and Egyptian number symbols.
The Arabic system advanced as a by-product of the conquering Arabic Empire (5001300 B.C.), which stretches from present-day China to Northern Ireland. When Arabs
entered Greece, for example, intellectual components and abstract philosophical thought
was sampled; when Arabs entered China, practical, utilitarian ideals were discovered as it
relates to the uses of number (Gazale, 2000). Numerals encoded by Hindus, which
evolved from the early Mesopotamian and Sanskrit symbol systems, were referred to as
“Arabic numerals” when Arabic scribes created and revised Hindu texts used to advance
Arabic influence (Gazale, 2000; National Research Council, 2001; Seife, 2000). These
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written numerals allowed for elegant algorithmic procedures that advanced mathematics
as both an applied science and intellectual exercise, attracting scholars from across the
ancient world. Interestingly, early “math wars” pitted those using specific computational
procedures on the Babylonian abacus against those preferring written algorithms
advanced by the encoding of numerals in the Arabic system (Gazale, 2000). These
ancient conflicts are eerily similar to contemporary arguments that accept a binary
explanation of mathematics “concepts versus skills” (Wu, 1999).
Contrasts between the Hindu-Arabic and Chinese systems lie in the structure,
function, and verbal representation of the symbolic number line (National Research
Council, 2001), not the line itself. To examine the contrast in the number line, consider
the numerals 1-10, which, for all intents and purposes do not differ across systems in
their meanings, but do differ in the written and spoken form used to represent numbers
above 10. In the Hindu-Arabic system, the numbers following the basic 10 include eleven
and twelve, creating some discontinuity (both in written and verbal form) in the number
line as children count. When presented with the symbol “11,” many children read “oneone” and also make mistakes when counting above decades (twenty-ten, they might say).
This is a problem because beyond 11 and 12, the base-10 unit is logically and predictably
associated with the smaller unit, as in “seven-teen” (a variation on what was once seventen). No such representation is part of eleven and twelve. Beyond the teens, the verbal
names associated with symbols do not account for the base-10 system in a way that
fosters understanding of its structure. This idea will become clearer as the Chinese system
is explained.
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The Chinese system, while also a base-10 system, differs symbolically and
linguistically as it relates to the organization of the number line. Children learn to count
at an early age, and symbol-name associations are very important (Baroody et al., 1983;
Clements et al., 2004; Miller et al., 1995). In the Chinese system, the number names
represent the structure of the number line; “eleven” in the Hindu-Arabic system is “tenone” in the Chinese system. This pattern repeats in successive decades (twenty three is
two-ten-three). Teaching children to understand number representations and symbols in
this way provides foundation for adding and multiplying numbers (National Research
Council, 2001).
Aubrey (2001) and Mayow (2000) discuss these ideas as they apply to fostering early
awareness of number in the English language and with Hindu-Arabic numerals. Gersten
and Chard (1999) and Griffin et al. (1994) propose conceptually-heavy early curriculum
that seek to organize the early number experience in a logical manner, fostering an
understanding that is likely to support later learning, along the lines of a logically and
sequentially ordered number line similar to a Chinese system. While the English
language assigns discrete names to all basic Hindu-Arabic foundational numbers, the
Chinese system organizes their names according to a conceptual and relatively easily
representative structure that supports grouping, with no discontinuity.
Despite contrasts across systems, what is fundamental to both is the primary reason
each was developed: to keep track of items. Counting, then, is the most fundamental use
of numbers and marks the foundation of numeracy; more specific than the idea of verbal
counting is the number line, both actually and representationally (Baroody, 2004).
Current research concludes that access to the abstract representation of such a line is the
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foundation of mathematical knowledge (Aubrey, 2001; Baroody, 2004; Baroody et al.,
1983; Campbell, 1999; National Research Council, 2001; Stevenson & Newman, 1986).
Gazale (2000) indicates that the need to keep track of sheep in ancient Mesopotamia was
a primary, and practical, reason why symbolic notation developed. Regarding practical
aims, Siefe (2000) concurs with Gazale as both authors describe the early Egyptians’
need to carefully measure plots of land as well as their effortful transcription of quantity
into symbolic notation. One needs to look no further than a checkbook to discover
contemporary similarities. It is helpful to carefully look into the concepts associated with
efficient “reckoning,” or counting, so as to form a more complete definition of numeracy
(Aubrey, 2001; Campbell, 1999; Clements, 2004; National Research Council, 2001).
An historical and evolutionary exploration of number is important to the current
research because it allows an objective look at the origins of number as a set of similar,
interrelated concepts with variation in practical utility. Although Arabic numerals are
used in schools and must be learned and recited as in counting exercises, concepts
underpinning change are effectively operationalized using procedural counting
techniques (the abacus) and representational schemas (smaller unit * larger unit + smaller
unit) inherent in the Chinese system. Further, it can help to advance the construct of
number sense from an historical evidentiary viewpoint. Ideas related to counting and
symbolic representation of numbers have practical implications for early schooling,
which is concerned with teaching children effective means of representing concepts in
verbal and written form, as well as forming the bases for operations and procedures
necessary for further learning (Aubrey, 2001; Baroody, 2004; Campbell, 1999; National
Research Council, 2001).
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Semantic Origins
Among many definitional sources for numeracy (Burton, 1989, 1993; Campbell,
1999; Clarke & Shinn, 2004; Clements, 2004; Gal, 1999; Maclellan, 2001; Mayow, 2000;
National Center for Education Statistics, 2004b; National Research Council, 2001; Office
for Standards in Education, 2002; Scott, 1999), the most promising idea is its diverse
cultural origin. Beginning to define early numeracy as a construct, it is desirable to rule
out characteristics excessively tied to a single source, or culture (Shadish, Cook, &
Campbell, 2002). Thus, as is attempted herein, examining numeracy from a cross-cultural
lens may indeed invite objectivity and breadth to a working definition. In the area of
literacy, for example, despite intercultural face differences in symbolic notation depicting
literacy as a distinct culturally-embedded notion, the definition assumes objectivity when
viewed universally as an intricate system of communication dependent upon symbolic
representational schemas comprising and defining individual sub-components such as
letters, words, and sentences (Adams, 1990). Along similar lines, initial investigations of
numeracy indicate conceptual similarity to literacy insofar as the two are comprised of
shared universal characteristics (i.e., operations, rules, number concepts) intended to
communicate ideas through specialized symbolic notation (Gersten & Chard, 1999).
Semantically, the origin of the term numeracy appears to lie in the related territories
of the United Kingdom (Brinkworth, 1985; National Research Council, 1989), while its
essential applied and symbolic genesis lies within Arabic and Asian cultures (Gazale,
2000; National Research Council, 2001; Seife, 2000). The bridge between a semantic and
practical gap lies in the content of a numeric system, and is founded upon concepts of
quantity, representation, and change underpinning the notion of number and establishing

29

the idea of a “number sense” (Aubrey, 2001; Campbell, 1999; Clements, 2004; Griffin et
al., 1994). Investigating the components of number throughout this chapter, an
understanding will emerge as to why countries that emphasize early numeric and
conceptual understanding such as China, Singapore, and Japan sit atop other countries
(National Center for Education Statistics, 2004c; National Research Council, 2001;
Office of Economic Cooperation and Development, 2003; Resnick, 1989; U.S.
Department of Education, 1999) in tests of mathematical achievement (Ma, 1999;
Stedman, 1997; U.S. Department of Education, 1998), while teachers in these proficient
countries typically spend less time in formal schooling and teacher training programs
(Ma, 1999). To understand this level of proficiency, it is important to have a wellarticulated set of early curricular standards that effectively build a foundation of concepts
and fosters generalized learning of the content of number and the number line (Haring et
al., 1978; National Research Council, 2001).
Toward Number Content: Subjective and Practical Origins
Apart from definitions originating in the United Kingdom (UK) and related territories,
numeracy has also been advanced as a distinct and comprehensive construct, arranged
around effective curricular and pedagogical practices (Gal, 1999; Ma, 1999; National
Research Council, 2001; U.S. Department of Education, 1998). From an examination of
the literature, the term numeracy appears to be included in publications originating from
the UK more than in those originating in the United States; databases searched for the
term “numeracy” produced over 60% of sources originating outside of the United States.
Although this seems a shallow distinction, the UK and Southeast Asian countries from
which these sources originate (Ma, 1999; National Research Council, 2001; U.S.
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Department of Education, 1998) actively organize early learning around the concept of
numeracy and have thus advanced the definition, the related conceptual framework, and
the pedagogy of this fundamental mathematical component (Ma, 1999; National
Research Council, 1989; Office for Standards in Education, 2002). Emphasizing
numeracy as it relates to specific life competencies (Gal, 1999; Maclellan, 2001; Parsons
& Bynner, 1997; Scott, 1999), educators can begin to extend these ideas downward and
thus focus on school-based practices that build number understanding and foster
proficiency in the early years (Priest et al., 2001).
Scott (1999) offers a working definition of numeracy: “the ability and inclination to
use mathematics as demanded by the range of contexts within an individual’s life” (p.5).
The Adult Literacy and Life Skills Survey, sponsored by Educational Testing Services
(Gal, 1999) offers a similar definition growing from an international assessment of
quantitative literacy: “the knowledge and skills required to effectively manage the
mathematical demands of diverse situations” (p.2). Embedded in this report is the idea
that numeracy is essential for success in the workplace, as growing emphasis on
quantitative literacy has grown and is pervasive in society (National Research Council,
1989; Office of Economic Cooperation and Development, 2003; Parsons & Bynner,
1997; Steen, 1987). Furthermore, this report offers the idea that “the concept of numeracy
is also related to the dialogue about the goals and impact of mathematics education in
schools” (p.4). What specific skills, then, are children to develop as a function of
informal experience supportive of and related to formal schooling?
Cognitive research has helped to solidify the connection between the skills necessary
for success as numerate citizens and the degree to which the skills are embedded in
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school curricula and encouraged at home (Baroody et al., 1983; Clements, 2004; D'Mello
& Willemsen, 1969; Wang, Resnick, & Boozer, 1971; Wu, 1999). Previously stated
definitions and practices of early numeracy are indeed supported by rigorous cognitive
empirical research dating back over thirty years (Aubrey, 2001; Campbell, 1999;
Clements et al., 2004; National Research Council, 2000, 2001), only a brief amount is
summarized in this chapter referenced from complete seminal texts in early mathematics
learning such as Clements’ (2004) Engaging young children in mathematics: Standards
for early childhood mathematics education. This type of research articulates how the
notion of numeracy is structured around the concept of number (as well as in brain-based
conceptual “nodes”) and can be deeply embedded in the formal techniques of schooling
(National Research Council, 2000).
In work stemming from the UK, Aubrey (2001) indicates that a common and
fundamental defining element of early math is indeed the idea of quantity and number;
the development of numeric understanding occurs as children increasingly connect
“innate” concepts of quantity with symbolic understanding. In a much earlier study,
Wang (1971) offered a sequence of development in early math knowledge and found that
pre-symbolic counting and numeration of sets develops prior to, yet is solidified by using
numerals incrementally to identify small sets. Clements et al. (2004) offer a
comprehensive resource combining research on infants and young children with practical
application in U.S. schools.
Their findings, along with others (Aubrey, 2001; Campbell, 1999; National Research
Council, 2000), depict the early transition from abstract number concepts that aid in
evolutionary development (attention to change in number sets) to the demonstration of
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these skills for the purposes of schooling (one-to-one correspondence, conservation, and
counting), back to the need for abstracting ideas in later pattern-based and relational
mathematics (fractions, geometry, and measurement; National Council of Teachers of
Mathematics, 2000).
Gersten and Chard (1999) propose that an early abstract facility with number is
comparable to the “awareness” of phonology in early literacy skills. Thus, the idea of
sensitivity is essential in defining number sense. Children sensitive to sounds in words
are said to have phonological awareness, which is key in developing reading and writing
skill (Adams, 1990; National Reading Panel, 2000). When presented with verbal or
written letters and words, children with phonological awareness can produce individual
and blended sounds. Similarly, when presented with numbers, children with number
sense understand that this number relates to some underlying quantity and may thus be
able to indicate what that number represents. In the case of discrete numbers, children
must understand that the number “7” is made of seven items, and later develop the “partwhole” concept telling that seven is also made up of 1 and 6, 3 and 4, and 5 and 2.
Aubrey (2001) and Clements (2004) similarly cite a set of instructional practices
that seek to help children organize the number line, count efficiently, and link verbal
names to symbols, a precursor to “cracking the code” of number sense that happens as
children learn the concept of “part-whole” (Baroody, 2004). Following an established
counting repertoire, children must understand that the items in a set can also assume the
attributes of the set. Therefore, there can be 6 things in a set of 9, but not 9 things in a set
of 6. When specific ideas and practices such as these are linked with research informing
American mathematics curricula and instructional practices, as well as with standards
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adopted in Japan (U.S. Department of Education, 1998, 1999) and the related Chinese
system (Ma, 1999; Miller et al., 1995), they offer an organized set of effective practices
focusing on building number sense. These curricular practices are discussed at more
length in the following sections.
Synthesizing History, Content, and Definition
To look broadly for a set of defining ideas and practices is important because other
cultures offer a more centrally cohesive and well-developed numeracy curriculum (Ma,
1999; Maclellan, 2001; Mayow, 2000; National Research Council, 1989; Office for
Standards in Education, 2002). Evidence demonstrates how this coherence, centered
around ideas of curriculum, instruction, and assessment is linked with student
performance as it forms the basis for powerful educational outcomes (Clements, 2004;
Riley, 1997; Schmoker, 1999; Stiggins & Faires-Conklin, 1992; Woodward & Kaufman,
1998). An examination of the past offers a definition of number sense respectful of its
practical and linguistic roots. Searching for an objective theoretical foundation thus
supports the outcome of the current research: a need for an adequate explanation of
numeracy as a unified construct from which to draw specific subtests that fit within a
broad, survey-level process of curriculum-based evaluation (Howell & Nolet, 1999),
respective of early sub-skills related to criterion referenced assessment in the early years.
In addition to synthesizing historical, theoretical, and empirical components of early
math skill, the current research draws upon two promising sources of information later in
this chapter: (a) early childhood math instruction and (b) analyses of current tests and
measurements of numeracy. After arriving at a working definition that fits the purposes
of the current research, examining the extent to which numeracy is fundamentally related
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to mathematical success becomes important. Indeed, an exploratory and preliminary
investigation of the degree to which early numeracy predicts later success is the lifeblood
of the current study. The Early Numeracy Skill Indicators (ENSIs) are developed through
an examination of numeracy and are explained in the final section of this chapter.
Essential Components of Number Sense
Culturally, historically, and subjectively, a number of specific skills and “conceptual
prerequisites” have been proposed as related to numeracy (Griffin et al., 1994). In
distinguishing early conceptual skills and later, school-based operational skills, Baroody
(2004) and Ginsburg and Baroody (2003) classify “informal” and “formal” knowledge
types, respectively. Evidence suggests that this typology is not binary: Informal skill
develops before formal schooling, and can thus predict proficiency with arithmetical
operations (Ginsburg & Baroody, 2003). Indeed, Ginsburg and Baroody (2003) write,
“research over the last 30 years indicates that basic informal skills and concepts rest on a
foundation of informal mathematics that is constructed even before children enter
kindergarten” (p.3). To divert mathematical failure, Clements et al. (2004) preface their
research by indicating that children at-risk for such trouble “need to build the informal
knowledge that provides the basis for later learning of mathematics” (p. xi). In
developing early indicators of number sense, the current research will pay specific
attention to the early, informal skills (and concepts) underlying operational proficiency
(Griffin et al., 1994; Wang et al., 1971).
Developmental Phases
Much like in reading, children developing number sense reach certain benchmarks
that indicate the development of a skill, concept, or set of skills. Children with
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phonological awareness demonstrate their proficiency through a number of tasks (e.g.
rhyming, blending, and reading phonetically). However, if these children cannot yet
decode connected text, they are said to be pre-readers. It is clear that children need to
“conquer” a stage that demonstrates symbolic proficiency following the development of
pre-symbolic skills. When children develop number sense, numerous empirical studies
indicate that they pass three phases: pre-counting, counting, and written numbers
(Baroody, 2004; Ginsburg & Baroody, 2003; Wang et al., 1971).
Pre-counting is likely a phase where what Wang et al. (1971) term “natural” concepts
develop. Pre-counting can also be understood in terms of relative size and other ideas
children bring to school regarding number and its related concepts (D'Mello &
Willemsen, 1969; Gersten & Chard, 1999; Griffin et al., 1994; National Research
Council, 2001). Understanding these phases has the potential to establish (a) a timeline
for assessment activities, and (b) the overall context for the skills that develop along this
continuum. The developmental context in early mathematics appears to relate strongly to

understanding the quantity inherent in number, which can be used to order the
environment in an encodable manner.
Informal knowledge. Ginsburg and Baroody (2003) define informal knowledge as
“important notions and procedures acquired outside the context of schooling” (p.2).
Adding to this definition is the National Research Panel (2001), indicating that preschool
and young children primarily demonstrate an understanding of number through counting,
which are popular and preferred activities of parents and preschool teachers (Aubrey,
2001; Campbell, 1999). Looking more closely at informal knowledge, many critical
concepts are contained within what appears to be a simple act of counting. For example.
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counting requires (a) the identification of counting objects apart from other percepts, (b)
matching a counting object with a representation of its one-to-one correspondence of
quantity, (c) verbally pairing the counting object with a name or label, and (d)
understanding the results in terms of the notion of cardinality, relative size, and some idea
of number as being sequenced, or ordinal in nature. Thus, the simple act of counting is an
“advanced organizer” for relatively natural and innate capacities (Baroody, 2004; Wang
et al., 1971). Building on the dichotomy described by Ginsburg and Baroody (2003)
between concepts and skills, it appears as if the early mathematical conceptual
understanding of children is represented by a set of skills or observable behaviors (see
Wang et al. 1971). Informal knowledge appears to build the foundation and thus extend
the formal knowledge of children.
Formal knowledge. Numerous sources appear to use the term “formal” knowledge in
two primary ways: (a) knowledge learned as a result of formal schooling (Ginsburg &
Baroody, 2003), and/or (b) knowledge encoded in symbols (Baroody, 2004; Clements et
al., 2004; Wang et al., 1971). Aubrey (2001) synthesizes these issues, indicating that
children who have difficulty counting, comparing, and mentally representing number
have great difficulty in school math, where symbolic understanding becomes emphasized.
Two sources summarizing significant empirical research demonstrate similar ideas.
First, the National Research Council (2001) emphasizes the need for procedural
fluency in informal skill such as counting prior to success in arithmetical procedures.
This panel suggests that learning and using Arabic, base-10 symbology is a function of
number naming and conceptual understanding of informal concepts, which “helps
support the learning of conventional arithmetic procedures, such as those involved with
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whole number computation” (p.168). Thus, adding, subtracting, multiplying, and dividing
in school and in the “real world” build upon informal number concepts.
Second, Baroody (2004), Baroody et al. (1983), and Ginsburg and Baroody (2003)
suggest that meaningful school learning is based on both conceptual prerequisites and
skill fluency in terms of simple operations. Both sources mentioned above indicate that
formal mathematics knowledge contains two primary assumptions: formal knowledge is
reinforced in school, and emphasizes symbols and procedures, critically important to later
school learning. Numeracy, as defined in multiple sources, continues to focus on the idea
of procedural, computational, and metacognitive proficiency in operating with whole
numbers in order to complete daily tasks necessary for home and work in society.
Schools, as learning societies, have numeracy demands as well. It appears to be clear that
early expressions of numeracy are based on informal and formal number knowledge,
which remain true in surveys and studies on adolescents and adults (Gal, 1999; National
Center for Education Statistics, 2004c; Office of Economic Cooperation and
Development, 2003; Parsons & Bynner, 1997; Scott, 1999).
Early Math Skills
Beginning soon after infancy, children are able to demonstrate an understanding of
number and its dynamic nature (Baroody, 2004; National Research Council, 2000, 2001).
This facility ostensibly carries into formal schooling, yet is developed at a very young
age. When relating to school, early skills and concepts categorized into informal and
formal mathematical knowledge are essential predictors for mathematical success. The
current research is interested in clarifying and operationalizing these specific “informal”
skills important at the pre-counting, counting, and written number phases of children’s
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development, prior to the development of operational proficiency. In a sense, the current
research is interested in further operationalizing the link between such early experiences
and the degree to which these experiences map onto the kindergarten curriculum.
Reliable sources of well defined informal skills relevant to the curriculum are early
childhood assessments and intervention studies, given the National Education Goals
Panel (1998) recommendation that early childhood assessment should inform and guide
teaching.
Using assessment to inform and guide teaching is a relatively ubiquitous
understanding of school assessment practices, encoded in numerous organizational
standards, educational practices, and scholarly as well as empirical investigations (Black
& Wiliam, 1998; Daly HI et al., 2000; Fuchs & Fuchs, 2001; National Council of
Teachers of Mathematics, 2000; Office for Standards in Education, 2002; Riley, 1997).
For example, schools using the DIBELS in early reading, have begun to use these
assessment devices to inform what skills need to be isolated and taught, and what
decisions can be accurately made about learning needs, which is especially critical for
struggling and disabled children (Good et al., 2001; Hintze et al., 2003).
With the idea of assessment as a valid source of operationalized skills and behavior
sets in mind, one source for examining early numeracy-related skills is the Early
#

Childhood Longitudinal Study (ECLS; National Center for Education Statistics, 2004),
which identifies and uses specific assessment items that measure children’s quantitative
and analytic skills in kindergarten and into first grade. According to the ECLS (2004), the
composite assessment used, termed the ECLS-K-math, includes recognizing numbers,
counting, and comparing and ordering numbers. In addition to the ECLS assessment is
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the Test of Early Mathematics Ability (TEMA; Ginsburg & Baroody, 2003), which tests
discrete skills such as quantity and object matching, discriminating between relative size
and set size, counting and enumeration, and producing ordered sets of numbers and
objects. Clarke and Shinn (2004), in developing tests of early numeracy, identified
fluency-based assessment tasks that examine number knowledge in first graders.
Excluding oral counting, these tests measured number identification fluency, the ability
to identify missing numbers, and the ability to discriminate quantities represented by
numbers.
In addition to assessment studies, intervention studies utilizing randomized control
experiments are valuable sources for learning what early math skills are critical to teach
(Arnold et al., 2002; Griffin et al., 1994; Kaufmann, Handl, & Thony, 2003; Kroesbergen
& Van Luit, 2003; Van Luit & Schopman, 2000). These studies each used instructional
techniques based on number knowledge for children aged 8 or younger. Instructional
tasks across studies varied, but each used one or a combination of (a) counting and
counting principles, such as asking children to match objects with numerals and sets, (b)
naming symbols such as numbers and procedural signs, (c) simple calculations with
whole numbers, (d) manipulation of a representative number line (related to counting),
and (e) writing numbers and representing quantities in written format. Kroesbergen and
VanLuit (2003), in a meta-analysis of mathematics interventions for young children with
special education needs demonstrated that direct activities focusing on early number
concepts produced effect sizes ranging from 0.53 to 2.71, utilizing Cohen’s d effect size
(Kier, 1999). These activities are contrasted with less direct activities, and Computer
Assisted Instruction (CAI), which, in the same sample of studies looking at children
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under the age of 8, produced effect sizes ranging from -0.44 to 0.53 (Kroesbergen & Van
Luit, 2003). Two studies using direct representations of number line with counting
procedures to 10 (inclusive of one-to-one correspondence and cardinality principles) for
children between the ages of 5-7 produced significant and lasting performance
improvements (Fueyo & Bushell, 1998; Griffin et al., 1994).
A Working Definition of Numeracy
The current research is concerned with two primary terms: number sense and
numeracy. Although a child who is numerate may have well-developed number sense, the
terms can be separated along two dimensions: (a) time/age and (b) foundational
knowledge. These two dimensions are captured in the phrase necessary but not sufficient.
To illustrate, the early “awareness” of number is similar to phonemic awareness as a pre¬
literacy benchmark, necessary but not sufficient for the development of more formal
writing skill (Gersten & Chard, 1999). For the purposes of the current research, number
sense will be defined as the early (in time and age) knowledge and skills indicative and
predictive (foundational knowledge) of numeric facility necessary but not sufficient for
the development of mathematical proficiency. Insofar as people with “fashion sense” can
effectively produce stylistic dress, children with number sense effectively manage the
demands of the early number curriculum and can thus demonstrate and create
mathematical ideas.
Based on various definitions, it appears as if numeracy is a broad term, inclusive of all
“strands” of mathematical development posed by the NCTM and Her Majesty’s
Inspectorate (Clements et al., 2004; Office for Standards in Education, 2002) as well as
the opportunity and inclination to use these skills in everyday contexts (Brinkworth,
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1985; Gal, 1999; National Research Council, 1989, 2001; Office of Economic
Cooperation and Development, 2003; Scott, 1999). Possessing number sense, as defined
herein, is a condition thus necessary but not sufficient for the development of numeracy.
Therefore, Early Numeracy Skill Indicators will thus be derived from concepts of number
sense theoretically and empirically linked to numerate behavior (Aubrey, 2001;
Campbell, 1999; Clarke & Shinn, 2004; Clements et al., 2004; National Research
Council, 2001; VanDerHeyden et al., 2001). Despite this bifurcation, children developing
number sense are also developing numeracy, as more competent learners may indeed be
more inclined to understand and use mathematical ideas in both school and life.
Numeracy: A Cultural Imperative
To begin to examine cultural imperatives, it is essential to investigate the degree
to which the outcomes of learning impact the lives of citizens and thus allow
comprehensive participation in our democratic society. Along with a number of scientific
panels assembled to inform educational practice (National Research Council, 1989, 1993,
2000, 2001), Steen (1987) indicates that the United States is an ever-increasing
technologically driven society dependent upon the knowledge of number and numerical
operations. Although extensive theoretical evidence indicates that number knowledge is
culturally necessary, one needs to look no further than a sample of daily experience.
Indeed, Baroody (2004) explains, “understanding [number] applications is a basic
survival skill in our highly technological and information-dependent society...and, thus, a
key basis of mathematical literacy, which is now as important as language literacy”
(p. 173). Further, Ginsburg and Baroody (2003) explain that “achieving both conceptual
understanding and skill fluency in primary-level mathematics is essential...for the
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application of school mathematics to everyday life such as determining discounts and
balancing a checkbook” (p.5). Clements et al. (2004), the editors of the text in which
Baroody et al. expand these ideas, provide more support in establishing numeracy as a
cultural imperative. Writing on behalf of their own research and supporting the National
Council of Teachers of Mathematics (NCTM), Clements et al. (2004) indicate a
worldwide concern for school mathematics and mathematics achievement. These authors
strongly recommend, “better mathematics achievement can and should begin early” (p.
37). The Programme for International Student Achievement (PISA) demonstrates the
global need to understand and address the proficiency of school-based mathematical
learning in examining over 30 national priorities in mathematics learning through a
comprehensive and informed outcomes assessment of 15 and 16 year old students.
Numerous behaviors can be conceptualized as prerequisite to effective societal
function. Deno (1989) defines a cultural imperative as, “implicit or explicit standards of
conduct or performance imposed upon all who would be members of a culture” (p.8).
Given our need to interpret encoded notation to communicate with others, it is no surprise
that reading, or the meaningful interpretation of encoded print, is a primary cultural
imperative (Deno, 1989). Such standards of societal practices are transmitted to children
at an early age as part of the schooling process, and numeric literacy is certainly one of
these early standards. Apart from a simple face examination of school curricula and the
idea that arithmetic is taught to all children (Deno, 1989), establishing a more convincing
case for numeracy as a cultural imperative requires the expectation that the outcomes of
learning numeric concepts are essential for success as productive citizens. In this regard,
it is imperative to meaningfully interpret information and statistics intended to influence
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one’s spending habits through marketing and commercials as well as civic engagement
through political campaigns (Gal, 1999; National Research Council, 2001; Scott, 1999).
Steen (1987) links mathematical proficiency, as well as proficiency in the rules of
mathematics, with the later development of logic-scientific proficiency. Among Steen’s
many ideas lies an overarching notion that limitation in learning mathematics creates
broad-based problems both in school and further into society. Limitation in (a) procedural
understanding, (b) conceptual knowledge, and (c) an inclination to use number can
indeed impact effective participation in society as a productive and informed citizen
versed in the rules and practices of numeracy (Aubrey, 2001; Campbell, 1999; National
Research Council, 1989, 2001; Parsons & Bynner, 1997; Stanovich, 1986; Steen, 1987;
Stevenson & Newman, 1986). Overall, it appears as a compelling national and
international case has been made for the need to effectively learn basic concepts of
number and develop as an informed citizenry armed with numeric literacy.
Early Math Curricula: Operationalizing an Imperative
In order to protect and advance national interest, state educational agencies develop
sets of curricular guidelines that recommend and outline specific learning content and
objectives. The content of such curricula, if taught and learned, can thus contribute to the
common wealth of knowledge and allow citizens to lead productive, informed lives.
Early mathematics curricula can therefore be seen as a set of standards or objectives
intended to operationalize learning content or cultural imperatives. Two relevant issues
guide the way early mathematics curricula are developed and content transmitted to
students. These issues relate to (a) consensus about specific, well-articulated content
standards and (b) the discipline that informs the development of such standards. As will
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be evident, in early math standards, there are degrees of differences between
mathematicians and educators regarding what and how to teach math.
Curricular Standards in Early Math Instruction
The primary source for examining mathematics curricular standards in the U.S. is the
NCTM’s Principles and Standards for School Mathematics (2000). Representatives from
this organization, as well as a wealth of other accrediting and curricular societies,
attended the Conference on Standards for Prekindergarten and Kindergarten Mathematics
Education (Clements et al., 2004). Clements et al. (2004) summarized the proceedings of
this conference in their publication entitled, Engaging young children in mathematics:
Standards for early childhood mathematics education. The primary purpose of the
Conference was to examine current best practices regarding early childhood
mathematical learning. Critical chapters of the 2004 publication identify sequences of
skills (Baroody, 2004) and recommendations for their application (Clements, 2004).
Primary ideas shared between the NCTM standards and the Clements text include the
idea that standards provide for accountability in learning and help to better organize
teaching and learning in the early grades. Accountability is a critical notion when placed
in the context of consumer protection, understanding that the outcomes of teaching must
have positive, valid, and socially important effects on children and families (National
Research Council, 1993; Ysseldyke et al., 1997). Beyond this important understanding
then lays the scope and sequence of early learning experiences and skills to be taught and
mastered.
Bredekamp (2004) recognizes that although an encoded set of general outcome
statements to guide early curricula is important, “for most teachers the more fundamental
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questions are what to teach and when to teach it” (p.78). In this regard, it is
understandable how the use of formative early assessment devices matched one-to-one
with critical skills are essential, which is to be explored in later sections of this chapter.
What, then, is a recommended scope and sequence? Baroody (2004) developed an
extensive model and outline, too large and inclusive to be represented in this chapter, to
inform and define early childhood curricula in the area of number and operations. His
model is based upon three major transitional stages: (a) precounting numerical and
arithmetical processes, (b) counting-based numerical and arithmetical processes, and (c)
manipulation of written numerical representations. Across these transitions, he recognizes
that 6 critical foundational skills begin to develop: (a) understanding, representing, and
using cardinal numbers, (b) understanding, representing, and using ordinal numbers, (c)
single digit addition and subtraction, (d) the part-whole concept, (e) grouping and place
value, and (f) equality of composing and decomposing whole numbers.
In synthesizing the proceedings of the Standards conference, Clements (2004)
highlights major themes and recommendations. Chief among them is the focus on depth
over breadth in prekindergarten and kindergarten standards, giving a more prominent role
to number and operations objectives. Indeed, number and operations is the primary of
three early curricular recommendations, the other two including geometry and
measurement. Among the number and operations standards are the 6 previously
explained ideas, in which Seo and Ginsburg (2004) empirically validated as
developmentally appropriate. This research examined the daily activities of 90 four and
five year old children, equally partitioned in terms of gender, race (African-American,
White, and Latino), and income level. Using a classification schema related to the early
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number sense and operations standards elucidated by Baroody (2004), these authors
recorded the magnitude of time spent in different activities. The results indicated that
many children spontaneously and enjoyably engaged in natural, unprompted academic
activities related to exploring and evaluating number sense, with no significant
differences noted across racial or economic lines. The authors were interested not only in
confirming developmentally appropriate activities, but also using the results to
understand and recommend benchmarks in young children’s mathematical development.
Thus, recommendations of a major organization charged with developing early childhood
number and operations standards can reliably assert that such standards are (a)
theoretically sound and (b) developmentally appropriate.
Problems in Defining Math Curricular Standards
A central problem in defining math standards appears to be that of consensus and
choice in (a) research into practice, and (b) actual practice. The Conference on Standards
for Early Childhood Mathematics Education (Clements, 2004) appears to have been the
most recent and well organized large-scale conference bringing intrepid, extensive, and
informed cognitive research to major accrediting and standards organizations with the
goal of assimilating information into school practice. Fuson (2004), writing on
conference proceedings, indicates that a significant problem stems from the extreme
breadth of activities included in early mathematics curricula at the expense of vital areas
of focus. Resnick (1989) extends this idea to teaching practices, citing cross-cultural
research that shows American teachers spend a great deal of time on relatively shallow
learning activities compared to conceptually sound practices focusing on number and
arithmetic in southeast Asian countries (see also (Ma, 1999; U.S. Department of
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Education, 1998, 1999). In addition. Resnick indicates that there is significant confusion
in schools regarding what to teach, and when to teach it, despite the consensus developed
in cognitive and scientific research on the importance of early number development and
operational skills (see also Baroody, 2004 and Clements, 2004).
Apart from the ideas of focusing on vital areas of development is debate over the
discipline that take a primary role in informing teaching of mathematics to young
children. Conflict in “skills versus concepts” debates center on the contention between (a)
arithmetical procedures, critical to mathematicians, and (b) real-world application, critical
to schools and educators as a primary outcome of mathematics learning. Numerous
publications identify common ground, despite the vitriol in the debates (see Ma, 1999;
Wu, 1999). Commonalities across “camps” tend to center around the idea of early and
ongoing development of number concepts as foundational, critical prioritiy areas in
mathematics (Bredekamp, 2004; Gersten & Chard, 1999; Griffin et al., 1994).
Mathematicians tend to agree that arithmetic and operations are critical to mathematical
learning (National Research Council, 2001; Starkey, 1992; Steen, 1987), and research in
Clements (2004) as well as Wang (1971) and Baroody (1983) indicate the critical
importance of number sense on operational skills and later development of formal
understanding.
Despite the empirical and theoretical demonstration that “skills and concepts” are
linked, debates wear on. This is especially true in the early grades, where reliance on
Piagetian principles and constructivist learning (Kamii, 1982; National Research Council,
1989) allow children to define large sets of activities that may resist a focus on the
teacher’s role, depth, and organization (Fuson, 2004). Nonetheless, many sources indicate
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that a focus on real world application is desirable, and not necessarily linked directly with
constructivist or child-centered learning. Indeed, Resnick (1989) indicates that observing
children engaged in activites allows researchers to generate and test hypotheses about
children’s mathematical behavior (see also Seo & Ginsburg, 2004). In working toward a
resolution, the reader is referred to Clements et al. (2004) and Seo and Ginsburg (2004)
who demonstrate that real-world functioning is reciprocally linked to formalized math
instruction, procedural knowledge, operations, and number sense. Later investigations of
numerate adults demonstrate that numeracy and its early correlates are indeed an
outgrowth of number sense and operations as well as a cultural imperative (Gal, 1999;
Parsons & Bynner, 1997; Steen, 1987).
Part II: Underachievement of American Students in Mathematics
American Mathematics Underachievement
This section attempts to place what seems to be a relatively universal “tradition” into
context. Since Sputnik, the U.S. government has called for more rigorous mathematics
and science education (National Research Council, 1989, 2001), which, if recent results
of the Trends in International Mathematics and Science Study (TIMMS) and the
Programme for International Student Assessment (PISA) indicate, were to no avail
(National Center for Education Statistics, 2004c; Office of Economic Cooperation and
Development, 2003), as American students ranked below the 50th percentile in primaryintermediate grade assessments (TIMSS) and near the bottom in international
comparisons of high school students (PISA). The previous sections outlining problems in
early childhood curricula attempted to examine mathematics underachievement as a
function of variables under the direct control of the school, insofar as curricular foci fall
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under such control. The current research holds that any proposed set of solutions continue
to influence variables that are indeed under the direct control of the school, including
instructional and curricular priorities. However, it is important to briefly examine the
extent of student underachievement in American mathematics as demonstrated by scores
on national and international assessments such as the National Assessment of Educational
Progress (NAEP), TIMSS, and the PISA, placing the focus, to some degree on students
themselves. It is an important caution, when generalizing large-scale results, to consider
each test as comprised of different content, expectations, and purposes, not to mention
targeted to different age levels. Nonetheless, these outcomes assist educators in
understanding (a) possible antecedents or indicators of problems, (b) operational
definitions of problems, and (c) the effects or consequences of underachievement.
Intracultural Crises
Crises in U.S. mathematics education are not new. Federal test results using the
National Assessment of Educational Progress (NAEP; National Center for Education
Statistics, 2004c) indicate trends in mathematics dating back over three decades on tests
of 9- 13- and 17-year-old students. NAEP tests five areas of proficiency: (a) number
sense, properties and operations, (b) measurement, (c) geometry and spatial sense, (d)
data analysis, statistics and probability, and (e) algebra and functions. For 9-year-olds, the
majority of test items cluster in the number sense area. Briefly examining trends in
standard scores indicate that 1999 scores were the highest since the inception of the test
in the early 1970s, and indicated as significant. However, examining the charted growth,
the national trends appear to be relatively stable, with only slight creeping increments.
This is especially true for 9-year-old students, who displayed virtually no change in status
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during the 1990s. Finer examinations of the data indicate that the primary test content for
students is in the area of number and operations. More recent results (1999-2003) indicate
general growth, but indicate that 68% of 4th grade students and 71% of 8th grade students
are at or below basic levels of proficiency, with little growth evidenced at the 8th grade
level since the early 1990s.
Intracultural difficulties leading to flattened trends and poor international comparisons
can be seen to cluster in two interrelated areas, (a) problems in the structure of the U.S.
(early) mathematics curriculum and (b) significant and stable gaps between students in
the areas of race and economic status. While international comparisons yield results that
indicate differences between socioeconomic classes, the U.S. NAEP results appear to
indicate wide gaps that may indeed implicate educational practices in terms of national
priority, curricular focus, and the degree to which educational practices may be organized
to prevent failure and meet the needs of students with mild and severe disabilities.
Crisis Indicators. Children learning mathematics in American schools are subject to a
virtually continuous debate about mathematics curricular standards, instruction, and
assessment (National Research Council, 2001). Numerous factors contribute to a
methodologically complex puzzle of mathematics content and curricular standards,
summarized in previous sections examining early mathematics curricula. In addition, the
federalist system in the U.S. allows for relatively liberal educational practices across state
and local educational agencies (National Research Council, 1989).
Resnick (1989) indicates difficulty examining American achievement without
reference to the practices of other countries, namely higher performing countries in the
Southeast Asian peninsula. She continues, however, “we will need to develop and study
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approaches to mathematics education specifically tuned to our own students and our own
cultural needs” (p.168). Consensus and thus consistency in mathematics education in the
U.S. is difficult to discover, especially related to ideas of content, curriculum, instruction,
intervention, assessment, and early educational standards (Arnold et al., 2002; Clements
et al., 2004; Fleischner & Manheimer, 1997; Ma, 1999; National Research Council, 1989,
2001; Resnick, 1989; Steen, 1987; U.S. Department of Education, 1999; Woodward &
Kaufman, 1998; Wu, 1999).
Although Ma (1999) indicates that a diversity of strategies are necessary in teaching
mathematics, she refers to numerous conceptual and technical strategies as applied in the
individual classroom related to procedural efficiency in computation and operations that
help to build number sense through multi-angled perspectives on problem solving. This
idea of depth and multi-angled strategies can be juxtaposed with considerable evidence of
diversity and breadth in both classroom practice and curricular consistency, as cited
earlier in this chapter (Campbell, 1999; Fuson, 2004; Ma, 1999; National Research
Council, 2001; U.S. Department of Education, 1999; Wu, 1999).
The intracultural problem of consistency and focus likely contributes to generally poor
mathematics achievement interculturally, and has roots both in classroom practice as well
as in early school learning experiences (Gersten & Chard, 1999; Ma, 1999; Resnick,
1989). This idea is summarized by Resnick (1989) in a topic heading entitled semantics
and syntax: The problem of school learning. In this section, she argues that the
development of a number sense is likely a contribution of numerous mathematical
activities, known as an associative process. An associative process allows children the
opportunity to develop skill through encouraging multiple strategies to manipulate the
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number line, thus leading to the natural use of more efficient procedures (Baroody et al.,
1983; Clements et al., 2004; Greeno, Collins, & Resnick, 1996; National Research
Council, 2000). An associative process of learning contrasts with beliefs in “skill versus
concept” dichotomies summarized by Wu (1999) and Ma (1999), in which teachers tend
to believe in either one or the other concept and teach accordingly (Wu, 1999).
An overarching theme in American underachievement appears to be a lack of
professional consensus regarding the most effective methods of teaching number sense
and operations, described by the National Council of Teachers of Mathematics as the
curricular “cornerstone” (Baroody, 2004; National Council of Teachers of Mathematics,
2000). Formative assessment, as a critical component of effective teaching, produces
large effect sizes as compared to other instructional variables (Fuchs & Fuchs, 1986, as
cited extensively in Black & Wiliam, 1998), yet is not commonly used in mathematics
teaching relative to reading measures, which is likely based upon the lack of availability
and technical properties for instructional decision making (Schul-Thurber et al., 2002),
especially in preschool and kindergarten (Clarke & Shinn, 2004).
Adding to the problem of consensus is diversity in student learning styles (Deno,
Fuchs et al., 2001; Van Luit & Schopman, 2000) and the difficulty inherent in teaching
students with math disabilities using universal, core curricular approaches (Fleischner &
Manheimer, 1997). Woodward and Kaufman (1998) examine cases in which systemic
variables inherent in educational practice constrain curricular development and effective
learning. Such variables include those geared toward large group instruction and pacing
delays functionally borne of large-group approaches, for example. Not only are materials
and their research base important to incorporate into educational practice, but so are the
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contextual variables that set the stage for their effective use. Among these are (a) time,
(b) professional development, (c) consensus in standards and instruction, and (d)
assessment practices, among others (Woodward & Kaufman, 1998). Effectively
addressing curricular issues impacting diverse learners is one of many keys necessary to
solving American mathematics achievement problems.
Two primary recommendations in addressing the problems inherent in the U.S.
educational system may indeed be (a) closely examining how the systemic context of the
school affects the adoption of research-based curricular and instructional approaches
(Woodward & Kaufman, 1998) and (b) the need to develop early measures that may be
used to aid in teaching to slow the development of math problems in disabled and at-risk
students (Deno et al., 2001) and adjust instruction as a function of student progress
(Fuchs & Fuchs, 2001). In addition, formative early measures and related technologies
can be used to identify students who may or may not respond to differential instructional
strategies and interventions (Daly HI et al., 2000; Good et al., 2001).
Evidence for a Matthew Effect. Stanovich (1986) described a phenomenon entitled the
“Matthew Effect,” in which students with risk factors show delays both in the acquisition
and further development of reading skills, creating an uneven developmental trend with
gaps between students as a function of risk factors. More importantly, this effect was
linked to instructional and learning experiences in children with higher entry level skills
in reading, typically students with low risk factors. Categories in which performance gaps
are noted typically include (a) socio-economic status or income level and (b) race or
ethnicity. Both quantitative and qualitative sources confirm the multiple layers of
educational and social risk brought about simply by membership in these categories
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(Kozol, 1992; National Assessment of Educational Progress, 2003). Evidence for similar
trends in mathematics can be found by examining results of the Early Childhood
Longitudinal Study (ECLS; National Center for Education Statistics, 2004a, 2004b).
The ECLS study followed a cohort of 10,500 kindergarten students from 1998 to their
3rd grade year in 2002. Cohort children with 2 or more risk factors, defined as race,
school type, family (parent marriage) status, mother’s educational level, and language
spoken in the home, displayed mathematical gains over time, but less robust than children
with less than one risk factor. Between kindergarten and third grade, students with less
than one risk factor gained 65 points, as measured by a standardized score on the ECLSK a comprehensive measure used in kindergarten and first grades designed to assess
multiple curricular strands such as number sense, geometry, and basic operations.
Students with more than one risk factor gained only 57 points, and began with
considerably less entry-level skills in prekindergarten. In third grade, a set of different
assessment devices were used to examine the mean achievement levels of cohort students
(although the 2004 report does not contain information regarding longitudinal test
equating procedures, it appears as if standardized scores were used and averaged as the
reported score).
Examining these results, it is clear that a gap in level of performance exists. However,
this seminal longitudinal research does not appear to evidence divergent general trends,
based simply on average risk factors. Other measures used in the report suggest that if
specific variables were factored into the slope, the trends may indeed diverge. Significant
negative effects were noted when 3 variables of race: Black, Hispanic, and Other (in
ascending order) are regressed on mean results (Table A-8, (National Center for
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Education Statistics, 2004b). The percentage of students making gains in four areas of
mathematics proficiency (ordinality and sequence, addition and subtraction,
multiplication and division, and place value) as a function of experience or risk
characteristics indicated numerous startling findings (Table A-11 (National Center for
Education Statistics, 2004b). If such findings are compared to a White, low risk factor
comparison group, problems in skill growth and level may be evidenced. First, it appears
that Black and Hispanic children, as well as children with two or more risk factors (a)
make less mean gains than other students and (b) enter kindergarten with relatively poor
skills and lower measured achievement levels. Interestingly, although low percentages of
Black and Hispanic students entered with addition and multiplication skills, third grade
results indicate that a relatively high percentage of Black and Hispanic students have
achieved commensurate with White students, while in other skill areas demonstrating a
link to number sense (ordinality and place value), Black and Hispanic students appeared
to have lower relative percentages of high achievement scores.
These results are disturbing, and may indicate that students with numerous risk
factors, including race, are exposed to higher levels of rote operational tasks and may
somehow resist learning number concepts. Although these interpretations take only
simple scores and percentages into account, it does indeed appear that students at risk for
educational failure evidence less robust gains in measured mathematical areas. What is
more important is that these interpretations, although relatively isolated, are consistent
with the spirit of reading’s Matthew effect, given that students who have lower skills and
thus likely to evidence more risk factors are at risk of being exposed to ineffective
instructional procedures (Kavale & Forness, 1999; Stanovich, 1986).
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Achievement gaps evidenced in the 2003 NAEP results may indicate clearer evidence
for a Matthew effect. Although these results indicate gains for African American
subgroups from 1995-2003, suggesting generalized performance improvement across
years for a subgroup identified as educationally needy, robust and significant
performance gaps exist as a function of race and income level (NAEP, 2003; NCES,
2004a, 2004d). Looking further at the results, at both grade 4 and grade 8, average
performance gaps (White subgroup score minus minority group average scale scores)
between White and Black students as well as between White and Hispanic students
appear relatively stable, with what the NAEP refers to as “significant” gains in scores of
Black students as compared to white students evidenced in both grades, but wider at the
8th grade level. Gaps in 8th grade scores between Hispanic and White students appear to
be increasing.
Another unresolved hypothesis regarding the lack of a generalized Matthew effect in
mathematics on the ECLS may consider basal or floor effects in young children, who
may not demonstrate significant difficulties prior to high-stakes testing often conducted
in 4th grade and above. More simply stated, gaps may not develop until after fourth grade.
Evidence from the TIMSS (National Center for Education Statistics, 2004c), used
primarily to examine the achievement of students in the primary and middle grades
indicates that the U.S., although performing well above the international average, ranks at
approximately the 50th percentile in 4th grade and somewhat higher in 8th grade results.
Fourth grade students on the TIMSS appeared to have made no statistically significant
gain from 1995 to 2003, while 8th grade students made significant gains across years.
Also, it is important to examine gains in 8th grade as a function of income level and race.
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These results may indicate that students do not, indeed, develop skills related to
generalized “numeracy” outcomes until the later grades, indicating the insignificance of
generalized Matthew effects in the early grades similar to Matthew effects in reading.
These results also appear to indicate that students evidence greater movement in the later
grades. Instead of Matthew effects being the primary concern (although it is not
recommended to disregard disaggregated NAEP data as well as the considerably
disturbing ECLS 2004 results indicating entry-level deficits and developmental
acquisition problems in mathematics as a function of (a) race and (b) two or more risk
factors), given that children with two or more risk factors appear to have similar
developmental slopes, it may be a more pressing concern to consider generalized
mathematics achievement problems in relation to the evidence provided earlier regarding
a lack of consensus and seemingly random variation in critical instructional variables in
American schools. Although meeting the needs of diverse learners is a critical priority, a
focus on national coordination in mathematical service delivery through the use of
prevention-based and technically sound formative assessment measures in mathematics
may be warranted as a priority (Clarke & Shinn, 2004; Daly et al., 2000; Deno et al.,
2001; Fuchs & Fuchs, 2001).
Intercultural Crises
Although defining the fundamental components of numeracy may be relatively
straightforward (Clements, 2004), when considering ideas related to instruction and
curriculum, cultural differences become more pronounced. Such issues of curriculum and
instruction shape how a culture defines a content area, and can be sources of fiery debate.
This conflict is indeed true in mathematics, which appear to gain vigor when results of
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international comparisons are released. Comparison countries are most often those
achieving highest on international assessments such as Singapore, Japan, China, and
Korea. Sources of valid information regarding U.S. instructional foci, curriculum, and
assessment practices abound, and center on a number of key points regarding
international differences. These are the differences between countries in terms of (a)
national structures and priorities, (b) curricular standards, (c) language and symbolic
representation, and (d) classroom practice. For the purposes of the current research,
attention is paid to curricular standards and instructional practice; the other components
are beyond the scope of the current literature review (however, brief attention is paid to
language and symbolic representation in the first section of this chapter; see also National
Research Panel, 2001 and Miller et al. 1995). First, a brief analysis of international
studies is prudent.
Results of international achievement tests. Two primary sources of comparison data in
international mathematics achievement are the Trends in International Mathematics and
Science Study (TIMSS; National Center for Education Statistics, 2004) and the
Programme for International Student Achievement (PISA; Office of Economic
Cooperation and Development, 2003). These two tests differ in numerous ways,
%

including (a) content, (b) age of participants, and (c) standards underpinning test
construction. The TIMSS examines student achievement in mathematics in the primary
and middle grades, but derives its content from an internationally diverse curriculuar
frameworks, containing 25 countries in fourth grade comparisons and 45 countries in
eighth grade comparisons. The standards of the TIMSS test 9- and 13-year-old students’
understanding and procedural efficiency with (a) number, (b) algebra, (c) measurement.
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(d) geometry, and (e) data. An examination of item content indicates that the TIMSS is
constructed primarily of multiple choice responses, focuses on the content area of
number, and overlaps well with the NAEP (NCES, 2004c). In contrast, the PISA focuses
on general outcomes of schooling at the secondary level, testing students aged 15-16. An
overview of item content indicates that the PISA is primarily constructed of open
response questions focusing in the area of data analysis and probability (Office of
Economic Cooperation and Development, 2003). The PISA frameworks are built upon
four scales, (a) space and shape, (b) change and relationships, (c) quantity, and (d)
uncertainty.
TIMSS results offer numerous findings indicating that U.S. results fall behind a
significant majority of developed nations. In fourth grade 2003 comparisons using
average standard scores, the U.S. ranked 12th of 25 nations, indicating no change in status
since 1995. In 8th grade comparisons, the U.S. ranked 15th of 45 nations, indicating slow
growth since 1995. Both grade level scores outscored international averages, but continue
to consistently perform below southeast Asian countries as well as northern European
countries such as Finland, Denmark, and Norway. Another significant finding is the
decrease in ranking displayed by fourth grade students while scores remained unchanged.
Overall, the TIMSS represents relatively broad-based comparisons and facilitates only
shallow, large scale hypotheses when intended to implicate specific practices. Bearing
this in mind, the TIMSS data suggest deficiency in the U.S. mathematics curricula in
terms of its breadth over depth in critical topics (Stedman, 1997). What also remains
concerning about the results is the relative lack of movement of U.S. students
achievement levels despite years of calls for reform. The National Research Panel (1993,
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2001) indicates that liberal educational practices, local control, and the aversion to a well
organized national curriculum around early mathematics learning may have a part to play
in these results.
Similarly, the PISA results indicated that students in the United States perform
relatively poor compared to other countries, with close to half of the students
participating in the assessment clustered in the lowest three (of six) achievement levels.
This compares with an international average of 48% of students clustered in the highest
three levels. Simple rankings placed U.S. students toward the bottom of the 49 countries
represented in the study. PISA results purport to measure sophisticated mathematical
applications clustered around notions of change, quantity, uncertainty, and space. Several
authors indicate that international trends in the performance of American students is a
call for immediate reform (Stedman, 1997; Steen, 1987). In working towards developing
early indicators of risk, looking at top-performing countries in terms of the standards of
early mathematics education and instructional foci is important.
Differences in curricular focus and classroom practice. In a recent literature review
and data analysis of TIMSS results from early 1980 to 1995, Stedman (1997) indicates
that a new perspective on understanding international achievement differences between
the U.S. and top-performing countries take into primary account issues of curriculum
arrangement and utility. Earlier assertions in this chapter implicating the breadth of
curricula and demographic and sociocultural differences, even differences in content,
appear to be challenged by Stedman (1997)’s new perspective, which focuses more on
the idea of faulty sequencing in U.S. curricula. He asserts, as do others (Fuson, 2004;
National Research Council, 1989, 2000; Steen, 1987) that the delay of fundamental
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course material critical for pre-algebra and sound arithmetic indicates that curricula are
set up to support a remedial, repetitive structure that finds it aversive to challenge
students at an early age. Moreover, Stedman argues that the international tests are more
comparable in areas of arithmetic and data analyses that some are willing to admit. Such
is his argument that despite curricular overlap, the “lack of a comparable curriculum
means that we [U.S.] neglect fundamental material” (p. 9). Previous sections of this
chapter convincingly indicate that fundamental material is well-sequenced early number
or numeracy skills that prepare children to efficiently and fluently understand and
compute arithmetic procedures (Clements et al., 2004).
Perry (2000) and Ma (1999), looking at differences in instructional practice between
southeast Asian countries and the U.S., implicate factors such as (a) depth of explanation,
(b) teacher training and preparation, and (c) issues of curricular sequence around the area
of number and operations. The previous resources, in their examination of U.S. curricula,
seem to suggest that a focus on pre-arithmetical and pre-operational concepts, as well as
strong, multilayered instruction in early operations and arithmetic can help children more
readily learn early mathematics. Baroody (2004), Seo and Ginsburg (2004), as well as
Fuson (2004) appear to agree with the idea that number sense are predictors for
arithmetical proficiency and that despite young children’s developmental readiness, are
often not challenged and prompted to engage in operations in prekindergarten and
kindergarten.
An example cited in Clements (2004) indicates that simple operations with money,
such as deciding upon menu items and making change from 10 dollars was included on
the NAEP as a challenging 8th grade problem, whereas multiplying and dividing with
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double digit operations was a relatively easy third grade problem on Japanese math
assessments. Ma (1999) finds that U.S. teachers, albeit a relatively moderate majority,
walk children through arithmetical operations in an “unmathematical” way, focusing on
false ideas such as “you cannot subtract a bigger number from a smaller number” (p.3),
likely interfering with understanding of rational number concepts for later learning.
Chinese teachers, on the other hand, tend to focus on conceptual ideas such as
“decomposing a higher value unit” (p.7), which is aligned with recommendations for
early curricular reform in the U.S. (Baroody, 2004). Overall, in constructing early
assessments linked to instruction, it is important to look at effective practices preceding
number knowledge, given that arithmetical proficiency is a general outcome for U.S.
mathematics according to international policy studies (Office of Economic Cooperation
and Development, 2003; Priest et al., 2001; Schul-Thurber et al., 2002).
Problems Associated with Early Math Difficulties
Intra- and intercultural examinations of mathematics achievement indicate that U.S.
students struggle in numerical and mathematical literacy as teenagers (Office of
Economic Cooperation and Development, 2003) and adults (Gal, 1999; National
Research Council, 1989; Parsons & Bynner, 1997). Comparisons of test items and
curricular content indicate that the average to high achieving 4th grade student in select
southeast Asian countries outperform average 8th grade students in the U.S (Fuson, 2004;
Perry, 2000; Stedman, 1997; Steen, 1987). Although international competitiveness and a
more formalized analysis of the implications are beyond the scope of this research, it is
important to examine differences in curriculuar focus and instructional practices when
endeavoring to improve mathematics outcomes for students.
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It appears, based on extensive sources, that the gold standards for comparison are
countries such as Japan, China, Singapore, and Chinese Taipei. Steen (1987) indicates
that the U.S. and its workforce, as well as its students are at a significant disadvantage in
remaining scientifically competitive and contributing to the wealth of knowledge about
the natural and physical worlds. Tracing back test content in terms of age and outcomes
and examining international curricula and instructional practices suggests that number
sense, and a strong understanding of its related operations including arithmetic, play a
critical role in mathematics achievement. NAEP results interculturally, demonstrating
close to 70% of students at levels of basic proficiency, as well as international
comparisons reveal that problems are likely compounded over time, taking into
consideration production-type responses on the conceptually heavy and number- and
data-laden PISA. Again, noticing that U.S. 16-year-olds were outperformed by over 20
countries on this assessment indicates that the outcomes of U.S. schooling produce high
degrees of numerically illiterate students. Taking advice from Stedman (1997), sweeping
reform is warranted based on “real deficiencies in curricular focus and teaching” (p.4).
Do Early Number Skills Act as Protective Factors?
To suggest that number sense acts as a protective factor, it is essential to briefly define
the notion of a protective factor and its relation to academic success, and summarize the
degree to which children that have (early) numeracy skills succeed in academics and in
the workforce. At this point, it is critical to recognize an “empirical gap” between
emerging research in primary aged children’s specific knowledge and skill with number
sense (Clarke & Shinn, 2004; Griffin et al., 1994; National Center for Education
Statistics, 2002, 2004b; Van Luit & Schopman, 2000; VanDerHeyden et al., 2001) and
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what is known specifically about number knowledge or numeracy in adults (Gal, 1999;
Parsons & Bynner, 1997; Riley, 1997). More specifically, no direct longitudinal studies
confirm that specific knowledge of early numeracy, or number-related skill, has been
conducted. The ECLS has endeavored to begin such a study (National Center for
Education Statistics, 2004b).
In the face of risk, children experiencing numerous threatening environmental events
have been known to resist these circumstances and experience success (Masten, 2001).
Masten (2001) defines resilience as, “good outcomes in spite of serious threats to
adaptation or development” (p.228). Among Masten (2001)’s numerous findings of
resistance processes in children, the relatively ubiquitous presence of positive outcomes
across risk-laden environments is the most surprising. Students experiencing academic
problems who are subsequently placed in special education may find themselves in such
environments where academic demands and the need for organizational skills place
students with learning problems at a disadvantage.
Resiliency, resistance, or protective factors in mathematics include the development of
prerequisite academic skills (Campbell, 1999; Griffin et al., 1994; Howell & Nolet, 1999;
Priest et al., 2001). Fuchs et al. (1997) performed a multifactorial analysis examining the
effects of various treatment approaches on students with and without learning disabilities.
Among their findings was the indication that students with learning disabilities (LD) who
participated in instruction with task-focused goals (TFG), incorporating a framework of
continuous, short-term self-directed progress monitoring showed significant instructional
gains. Such short-term goal-focused tasks are congruent with an instruction-assessment
paradigm, termed by Fuchs and Deno (1991) as specific subskill mastery measurement
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(SSMM). Although students in the 1997 study were not progress monitored per se, Fuchs
and Fuchs (1996) do indicate significant instructional effect sizes when teachers use
progress monitoring. Thus, despite being at-risk for educational failure, students
experience success when instructional tasks are monitored and geared toward short-term
explicit goals.
Dynamic measurement principles such as DIBS and SSMM are instructional
techniques related to school-based protection and success. It is critical that the skills
assessed in SSMM have a one-to-one correspondence to what is being taught. In early
numeracy, studies indicate that number recognition, matching and discriminating
quantities, and recognizing relative size and ordinality are components of number sense
and early number curricula (Clarke & Shinn, 2004; Gersten & Chard, 1999; Griffin et al.,
1994; National Center for Education Statistics, 2002; Van Luit & Schopman, 2000;
VanDerHeyden et al., 2001). Skills such as these are contained in early number-focused
curricula (Aubrey, 2001; Campbell, 1999; Griffin et al., 1994) and are related to number
sense and operations standards of many state curricular frameworks as set forth by the
NCTM (2000).
Results of the Early Childhood Longitudinal Study (National Center for Education
Statistics, 2004b) indicate that percentages of students with high first grade entry level
skills of ordinality and place value were subsequently represented in higher numbers on
third grade tests of division and multiplication. The 2002 ECLS results displayed similar
trajectories between students with kindergarten entry skills in areas related to number
sense and subsequent achievement in first grade (National Center for Education Statistics,
2002). Clarke and Shinn (2004) demonstrated a relative stability of performance over one
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academic year in the performance of first grade students in numeracy-related tasks.
Although no rigorous longitudinal data currently link early number skill to adult
numeracy, several examples examining adult outcomes in the area of mathematical
literacy are important to consider.
First, Parsons and Bynner (1997) examined numeracy in the adult workforce and
found that adults with “good numeracy,” measured by real-world problems with money,
time, and percentages were employed at higher rates. Second, if Ma (1999)’s analysis of
the difference between American teachers’ paucity of conceptual understanding and
variation in teaching methods link at all with international results such as the TIMSS and
the PISA placing American students at a clear relative disadvantage, then theoretical
links can be drawn between building early number sense through procedural fluency and
conceptual understanding of number and correlated performance of the two nations
(National Center for Education Statistics, 2004c; Office of Economic Cooperation and
Development, 2003; U.S. Department of Education, 1998, 1999).
Aubrey (2001) similarly examines northern European instructional foci, positing a
relationship between early number development and international achievement
proficiency, which is borne out on international assessment measures (National Center
for Education Statistics, 2004c; Office of Economic Cooperation and Development,
2003; U.S. Department of Education, 1998, 1999). The case for numeracy as an isolated
early protective factor is not empirically settled, however, considering existing
longitudinal data, studies of adults and educational outcomes, intervention and early
curricular study, as well as international achievement trends, there is reason to suspect
that numeracy has a powerful role to play in early instruction, curricula, and formative
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assessment practices, producing lasting effects (Clarke & Shinn, 2004; Gersten & Chard,
1999; Griffin et al., 1994; Van Luit & Schopman, 2000). Relevance of underachievement
examinations link directly to the problem under investigation, in that a focus on early
numeracy assessment to guide intervention has the potential of positively affecting
American students and allowing teachers to screen for critical risk indicators and plan
instruction accordingly.
Part III: Testing, Measurement, and Decision Making in Education
Pertinent Issues in Test Theory and Psychological Assessment
Testing any phenomena of import requires the need to examine attributes of the
phenomena. Developmental pediatricians measure a child’s height and weight, using
these as indicators of general development. The field of testing and test theory, in
education and psychology, is fundamentally concerned with attributes of persons insofar
as such attributes act as indicators of the phenomenon of interest. With this, such
attributes must be made available to the examiner in observable ways that lend
themselves to being measured, in which measurement is the assignment of numbers to
phenomena of interest (Crocker & Algina, 1986). However, recognizing differences
between directly and indirectly observable phenomena is a critical bifurcation in test
theory and important to understand when measuring psychological phenomenon. Thus, in
education and psychology, the psychological construct is of interest, yet is often not
directly observable (Crocker & Algina, 1986; Shadish et al., 2002).
Psychological constructs are interrelated measurable phenomenon that can be logically
inferred as related to a definable phenomenon. Psychologists and educators are interested
in multivariate phenomenon relating to human behavior. To say that a person loves
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another, or to assert that a student has poor memory, phonological awareness, or high
levels of test anxiety all depend upon the psychological construct. Although the current
research is not specifically a construct validation study, per se, it is indeed interested in
the construct of early numeracy. Crocker and Algina (1986) write, “inventing a construct
is not the same thing as measuring that construct” (p.4). As such, the idea of early
numeracy is essentially dependent upon activities such as (a) defining the indicators or
behaviors of interest, (b) constructing a procedure for observing these indicators, or a test,
(c) measuring the phenomenon, and (d) and making inferences about the degree to which
the construct resides in the measured person (Crocker & Algina, 1986). The first three
activities are based in test theory, and the processes relating to inferential and causal
statements fall into the field of psychological and scientific assessment and experimental
design. Decision making based on test scores draw from each of these fields, and rely on
decision techniques and science (Swets, 1992).
An essential component of purporting to test a construct is developing a definition of
the behavior of interest, in which the behaviors may act as indicators or signs of the
construct. Earlier sections of this chapter identified curricular standards and similar
objectives that act as indicators of proficiency with number sense. Intervention studies
indicate that children who count, match sets to numerals, quantify sets, and discriminate
size engage in behaviors related to early number sense or early numeracy (Griffin et al.,
1994; Kroesbergen & Van Luit, 2003). Assessment studies indicate that oral counting,
matching numbers to sets, writing numerals, discriminating between numbers, and
identifying numbers are also behaviors related to early numeracy (Clarke & Shinn, 2004;
VanDerHeyden et al., 2001). Baroody (2004), Wang (1971), and Resnick (1989),
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commenting on critical early behavioral standards in mathematics, indicate that counting
and pre-counting behavior is dependent upon prerequisites such as recognizing quantities,
comparing and discriminating quantities, recognizing order in number sets, and matching
sets to numerals. Thus, the construct of early numeracy appears to be comprised of
numerous early math behaviors as listed above, convincingly established in the literature
as relatively valid indicators of this phenomenon.
Following an operational definition, a test is to be designed, which is a set of
standardized procedures used to obtain a domain sample of the behavior (Crocker &
Algina, 1986). In the area of early mathematics or early number several tests have been
developed for assessing early mathematics, such as the Tests of Early Numeracy (TEN;
Clarke & Shinn, 2004), the Test of Early Mathematics Ability (TEMA; Ginsburg &
Baroody, 2003), and various other curriculum-based tests of early mathematics skill
(VanDerHeyden et al., 2001). Each of these tests use variants of the behaviors mentioned
above as indicators of early math or early numeracy ability. Clarke and Shinn (2004) and
VanDerHeyden et al. (2001) created standardized procedures and directions in order to
derive fluency metrics, such as correct answers per minute. The TEMA is a nationally
published norm-referenced, standardized test (PNRT) that does not use timed criterion in
arriving at the final score. Assigning numbers to these early mathematics behaviors is an
example of measurement activities, a pertinent issue in test theory based upon the
construct and the test developed for such purposes.
Prior to discussing issues of assessment and experimental inference, it is important to
briefly examine issues and problems related to measuring psychological constructs.
Crocker and Algina (1986) list 5 common problems associated with measurement of
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constructs: (a) no measurement approach is universal, (b) measurements are based on
limited behavior samples, (c) obtained scores are subject to error variance, (d)
measurement scale variation, and (e) measured constructs must empirically relate to other
observable constructs. Numerous ways to construct tests and measure observable
phenomenon exist, and vary based on factors such as the experimenter’s theoretical base,
among many.
Differences between PNRTs (Linn & Gronlund, 2000) and Curriculum-Based
Measurement (CBM; Deno, 1989) approaches illustrate the first problem. Variations in
tests purporting to measure all types of psychological phenomena also illustrate this point
(for a more visceral experience, read through the catalogs of competing test
corporations). The second problem relates to limited domain sampling. Although many
behaviors tend to relate to early number sense, inclusion of some behaviors at the
expense of others can lead to the difficulty of limited sampling. Universal variation in test
setting, interpersonal variables, wakefulness, and content sampling leads to the most
fundamental reality of test construction: the “truest” measure of a child’s score is a
combination of the obtained score and error variance. Next, when considering “abilities,”
it is critical to consider that any measured ability exists in different levels of intensity
along a continuum, such as along a normal curve. However, in representing these abilities
in order to make comparisons between students, the scale along which abilities are
measured needs to be defined and calibrated so as to facilitate normative comparisons.
The last problem defined by Crocker and Algina (1986) pertains to the relationship
between tests, as representative of a construct, and better established measures of the
same phenomenon. Although a test or series of measurements are related to pertinent
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theory, and an observable definition is calibrated, this does not automatically assume that
a test measures a construct of interest. Empirical links between multiple sources is thus
critical (Shadish et al., 2002).
Psychometrics and Educational Experimentation
Discussion of assessment and decision making issues later in this section relate to
educational applications of test theory. Discussion of the process of gathering
information, known as assessment (Howell & Nolet, 1999), is ultimately interested at
arriving at a set of conclusions based upon the numbers gathered in the measurement
process. Such conclusions about student behavior based on test score results are simply
guesses, or inferences. Such inferences and conclusions are fundamentally affected by
issues related to reliability and validity. Reliability is concerned with the consistency of
test scores and measurements across variables such as time, persons, and in relation to
itself. Thus, the fundamental idea in measuring reliability is gathering multiple samples in
the presence of such variables and examining intercorrelations (Linn & Gronlund, 2000).
Validity relates to the degree to which scores produced are interpreted accurately and
used in a recommended and intended manner. Variations in the components of validity
relate to the: (a) construct, (b) content, (c) predictive utility, and (d) consequences and
uses of the results (Linn & Gronlund, 2000; Shadish et al., 2002).
Reliability. The nature of observed test scores is such that variation as a function of
numerous factors is a built-in assumption. Reliability is thus primarily concerned with
variation in multiple sets of test scores assumed as sets based on: (a) scores collected by
specific raters, (b) scores collected at two points in time, and (c) intra-test scores.
Comparisons of scores across these variables are the foundation of reliability, which is
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essentially a statistical undertaking (Linn & Gronlund, 2000). The statistic of concern in a
reliability analysis is the reliability coefficient, or (r), essentially representing the
correlation between sets of scores. The reliability of a test requires relatively high
standards when important decisions such as instructional placement are to be made. If a
decision is not of high-stakes, and can incorporate other information, lower criteria are
acceptable. Based on multiple components involved, apart from the fundamental decision
making usage, no universally acceptable standard is readily available. For a more detailed
discussion of reliability and standards for decision making, the reader is directed to Linn
and Gronlund (2000) and Salvia and Ysseldyke (2001).
Three primary methods of reliability corresponding to the three examples above will
be used in the current research and thus warrant discussion. The first method is known as
test-retest reliability, and is concerned with the stability of test scores over time. Testretest reliability is calculated when a test is given either to the same or to a different set of
students. Test results are then correlated and used to determine the reliability of the
scores. Although comparing test scores across different sets of students may introduce
variation, it is possible to conduct reliability analyses. However, because it is essentially
test and test score reliability that is under scrutiny, an ideal situation may seek to account
for as much variation as possible. Tests producing high correlation coefficients (above
.80; Salvia & Ysseldyke, 2001) are desirable, in that the scores, when used on another
sample of students, are likely to produce reliable results.
The second type of reliability of concern in testing is that of interrater reliability or
agreement. This refers to the consistency of scores across two or more persons. To
examine interrater reliability, any test response requiring categorical decisions should be
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given to two or more raters for independent scoring. The results are then correlated in
terms of item overlap, simple agreements, or various other methods examining proportion
of agreement beyond chance (Kazdin, 1982). Test scores or ratings resulting in high
agreement proportions are said to be reliable across raters. Relatedly, an issue in
examining this type of reliability is the degree to which test scores vary as a function of
data collector or examiner. Although this idea seems related to interobserver reliability, it
can be thought of as separate, insofar as raters can essentially confirm or examine
reliability; whereas in examining variability as a function of person may place the rater in
a more central role.
A final issue of reliability is the internal consistency of the test itself. To examine
internal consistency, split-half methods are popular. This method requires a subset of
scores to be split (manually separated) and correlated. Simple correlation coefficients
tend to suffice for this methodology (Linn & Gronlund, 2000). More advanced
applications of internal consistency do not require split half methodology, and instead
take into account dichotomous “passing” scores as a function of the test’s overall spread
or standard deviation. Two such methods are the Kuder-Richardson formula (KR-20) and
Coefficient alpha (CoA; Linn & Gronlund, 2000). Actually, the KR-20 formula requires
dichotomous scores whereas the CoA can take into account scaled scores or those
containing more than 2 outcomes that are not continuous (Allen & Yen, 1979; Crocker &
Algina, 1986). These formulas are essentially equivalent to the average of all
combinations of split-half coefficients and thus more reliable (Allen & Yen, 1979; Linn
& Gronlund, 2000), although selected based on the purposes and type of tests given.
According to Linn and Gronlund (2000), these formulas are to be used cautiously if tests
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are timed or speeded. When a test is timed, it is of import to decide whether or not the
time limits actually prevent students from attempting every subtask. Thus, using these
internal consistency formulas is only of concern if the test is cut short. In this case,
reliability coefficients will be inflated due to the smaller item sample inherent on shorter
tests (Allen & Yen, 1979; Linn & Gronlund, 2000).
Validity. Simply, validity is the degree to which a test measures its intended content,
or accomplishes its intended aims. Beyond this notion, validity is also when a test’s uses
and interpretations are congruent with its intentions and limitations. Like reliability,
validity is essentially a statistical concept; however, notions of theoretical construct
validation and content explication, as well as other manifestations of validity make it also
an overall procedural and experimental enterprise (Shadish et al., 2002). Test validity is
dependent upon test reliability; thus, reliability is necessary but not sufficient to establish
a test as valid. Four components of validity are to be explained herein: (a) content, (b)
concurrent, and (c) predictive. Concurrent and predictive validity belong to a
superordinate category termed criterion-related validity, which is interested in the
relationship between the assessment and a criterion measure as a function of concurrent
and predictive correlation in scores. In addition, statistical conclusion validity will be
discussed (Shadish et al., 2002).
Content validity is accomplished when a test accurately represents the broader domain
of tasks within a given area. Gall, Borg, and Gall (1996) in defining content validity write
that it “refers to the degree to which the scores yielded by a test adequately represent the
content or conceptual domain that these scores purport to measure” (p.250). Qualitative
methods in test construction are useful, but must be carefully separated from an attempt
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to establish simple face validity, and must also carefully define and describe links to
standardized and well-accepted learning objectives. Statistical analyses of item overlap
and correlation are thus desirable (Linn & Gronlund, 2000).
Criterion-related validity can be established when methodologies suggest that an
experimentally designed test, for example, links concurrently and predictively with
existing instruments measuring similar content. That is, experimental tests which
correlate with previously established measures of similar content are said to have
concurrent validity; experimental tests that predict performance among groups of students
on later measures of similar content are said to have predictive validity. These types of
validity are especially important in correlational designs (Gall, et al., 1996). Methods of
statistically and procedurally examining criterion-related validity are varied, but include
(a) basic bivariate correlational methods, (b) cut-score analyses for discriminative
examinations, and (c) multivariate discriminative function analyses (for a more detailed
discussion of these procedures, see Gall, et al., 1996 and Tabachnick & Fidell, 2001).
Numerous problems and cautions arise when using correlational procedures to establish
criterion-related validity, which can be addressed by screening the data set prior to
analysis for, among many, examinations of attrition and ensuring that the data meet
assumptions of normatlity (Tabachnick & Fidell, 2001).
Because statistical methodologies will be used to examine degrees of validity, it is
critical to keep in mind that data analytic procedures should assist in establishing the
veracity of inferential statements. Shadish et al. (2002) define the need for examining
statistical inference as statistical conclusion validity. When a hypothesis is made in
assessment-criterion correlational designs, for example, it is expected that the
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experimental measure will relate well to a criterion measure. Thus, the null hypothesis
states that the experimental - criterion relationship is zero, or that there is no relationship
between measures. The experiment must be conducted in order to reject this hypothesis,
if it is indeed false. The Type II error rate, which is falsely accepting the null hypothesis,
is often neglected in significance testing (Shadish et al., 2002), but is critical to consider.
Chief among the threats to this type of validity is low statistical power, which relates
directly to a test’s ability to reject the null if indeed it is false. Among many ways to
increase a test’s power are three important variables: (a) adequate sample size, (b)
congruency between the choice of statistical tests and the test’s assumption, and (c) data
screening (Shadish et al., 2002). Larger samples simply increase the detection capability
of a test through increasing the probability of effect detection. Choosing data analytic
techniques properly aligned with research questions and indicating evidence that such
tests have a positive track record for similar questions in the literature are critical. Finally,
screening data and ensuring the data are distributed along a relatively normalized
continuum will help, because relatively normal variability is a critical assumption of a
normalized population, to which results will be generalized.
Relevance of Test Theory to the Current Research: Thoughts on Construct Validity
In developing the Early Numeracy Skill Indicators (ENSIs), attention is paid to the
issues covered in this section, and steps are taken to describe the properties of the test,
measurement and assessment procedures, as well as the community of educators to which
the results may be found useful. Shadish et al. (2002), in discussing construct validation,
note three critical components: (a) explication of experimental procedures, (b) relevance
to pertinent theory and pre-established procedures, and (c) practical application in a
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“language community.” For further explanations of each of these ideas, see chapter 3 for
the methods in the current research, as well as chapter 5 to examine components of the
discussion relating to the contribution of the ENSIs to the school community. It is the
contention of this research that upon the demonstration of clearly defined procedures,
application to pertinent theory, and educational relevance and utility, the ENSIs will have
established, to some small degree, the foundations for a valid construct, and at the very
least a foundation for designing further construct validation studies. In addition,
procedures in the current study related to using ENSIs to discriminate between “group
membership” and facilitate hypotheses regarding risk status can help contribute to
building a case for sound content and construct validation (Gall et al., 1996; Shadish et
al„ 2002).
Decision Making: An Overview of Decision Theory
Beginning to discuss decision making, a distinction will be made for the purposes of
the current discussion between theoretical ideas and the educational practices informed
by such methodologies and ideas. Decision making in psychological science is based
upon the primary theoretical assumption that some type of condition exists placing a
person in a category relating to risk status. Additionally, the use of some instrument or
procedure to aid in identifying a condition is often undertaken in educational settings,
schools, and psychological clinics. Herein, the terms diagnosis, classification, and
identification are used as surrogates for the related decisions made in relevant
environments. Indeed, a diagnosis is some type of statement identifying, in a person, the
presence of a condition; classifying the person, typically in terms of risk likelihood is the
logical next step. Swets (1992), discussing the relative nature of test results, writes:
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Diagnosis is probabilistic and diagnostic decisions are made with more or less
confidence (italics added). Hence, making a positive or negative decision in a
systematic way requires selecting a threshold along the scale of evidence, such that
values above the threshold uniformly lead to a positive decision and values below it
lead to a negative decision, (p.522)
Further, in calling for the application of decision science to psychology, he writes, “the
concept of setting the most appropriate criterion has yet to influence the most practical
arenas, including several of substantial import to individuals and society” (p.522). The
current research holds that a “most practical arena” is indeed American schools, and the
concepts related to decision theory can positively enhance the educational outcomes for
children when used to prevent problems and reduce risk. At this juncture, it is critical to
remain cognizant of the basic and fundamental ideas inherent in test construction and
experimental inference, in that diagnoses using test results are as good as the instruments
upon which they are based.
Related to identification, classification, and diagnosis, a foundational idea in decision
science is the notion of conditional probability. Hearkening back to the Swets (1992)
quote, all decisions are made with “more or less confidence;” decisions are thus subject
to the laws of probability. Decisions essentially rely upon two related sources of
information: “reality” and the “test” or guess. In practical applications of conditional
probability, “reality” is the criterion measure by which screening tests or experimental
measures are judged, and used to establish base rates of a disorder in the specified
population (Gresham, Noell, & Elliott, 1996). The criterion measure is likely a more
comprehensive or better established measure than the predictor or screening measure.
Because these are two independent but related sources, one condition is essentially
related to, or conditional upon, the other; hence the term conditional probability. Five
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ideas are critical to understanding conditional probability, and form the foundation for
ROC analysis, to be discussed in the next section. These ideas are: (a) sensitivity, (b)
specificity, (c) positive predictive power (PPP), (d) negative predictive power (NPP), and
(e) base rates. Table 1 depicts the intersection of the two measures and is a useful
illustration to help understand these essential terminologies in conditional probability.
Further, Table 1 displays cases termed true or false, positive or negative. These represent
the types of cases that occur as a function of the intersection of the criterion measure and
the predictor.
From the display in Table 1, the interaction of the predictor and criterion measures
produce four sets of combined outcomes. Cells (a) and (d) contain correctly classified
cases, or hits, given the agreement between predictor and criterion. Cells (b) and (c)
contain incorrectly classified cases, or misses, that indicate a mismatch between the
predictor and criterion measures. Given these outcomes, an effective screening measure
will contain higher numbers of cases in cells (a) and (d) and lower numbers in cells (b)
and (c). Looking further into the interaction of outcomes gives explanations for the
properties of the prediction in conditional probability analyses.
Sensitivity and specificity criterion refer to how well a criterion measure predicts the
screening outcome, whereas positive and negative predictive power estimates signify
how well the screening measures indicate the presence of the disorder, as measured by
the criterion. The sensitivity index gives a probability of a symptom, given the disorder is
present, and identifies the proportion of persons with the disorder as revealed by the
presence of symptoms on the screener. This index facilitates a question of rather limited
use: what is the likelihood of a symptom once the presence of a disorder is known?
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Table 1. Conditional Probability Outcomes of the Predictor and Criterion Relationship.
Screening Measure

Reality / Criterion Measure

Decision

Disorder Present

Disorder Absent

Positive

(a) True Positive

(c) False Positive

Negative

(b) False Negative

(d) True Negative

Note. Sensitivity = a / a + b; Specificity = d / c
Base Rate (prevalence) = a + b/ a + b + c + d

+ d; PPP = a / a + c; NPP = d / b + d;

Positive predictive power is the exact opposite, and thus more useful; PPP gives a
probability of the disorder, given a symptom on a screening measure (Milich, Widiger, &
Landau, 1987). Thus, PPP can act as an inclusionary statistic, and facilitate useful
questions such as: what is the likelihood of a disorder given the presence of a symptom?
(Gresham et al., 1996). The specificity index yields a probability of not having a
symptom, given the disorder is not present, while the NPP index yields the probability of
not having the disorder given no symptomology.
Examining the notes in Table 1 again, it is helpful to refer to the denominator of the
division equation, as it signifies the comparison group: in PPP and NPP, the comparative
group is the number of total present and non-present cases of symptoms, while in
sensitivity and specificity, the comparative group is the number of total present and non¬
present cases of the disorder. Sensitivity and specificity estimates are thus more
susceptible to the base rates of the disorder in the sample. High base rates will allow
sensitivity and specificity estimates to accurately predict, while low base rates will
negatively affect the accuracy of prediction. Positive and negative predictive estimates
are useful in analyses of screening measures, given that they estimate inclusionary and
exclusionary criteria. Drawing from Gresham et al. (1996)’s literature review, predictive
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power estimates yield statistics that are inductive (exploratory) in nature, while sensitivity
and specificity statistics are deductive (confirmatory) in nature.
Relative Operating Characteristic (ROC) Curves
In the previous section, ideas from decision theory were discussed and placed into
context regarding the assessment (predictor) and criterion relationship. To understand the
basis of the Relative Operator Characteristic (ROC), these two notions are essential.
According to Swets (1988), the ROC is based in signal detection theory, which is a set of
mathematical procedures used to detect physical signals over interference. The idea of a
“signal” can be emphasized and placed into an educational context by drawing from
research into early reading assessment, curriculum-based measurement, as well as test
theory (Crocker & Algina, 1986; Good et al., 2001; Priest et al., 2001; Shinn, 1995). Each
of these disciplines converge upon the notion that a construct definition is based on an
operational definition, which is in turn based on the idea of an observable sign, set of
signs, or indicators of a phenomena; Crocker and Algina (1986) call these “behaviors that
are legitimate indicants of [a] construct” (p.4). As may be evident, looking for operational
indicators of human behavior is embedded deep within the discipline of psychology.
Decision theory, in which the ROC procedure is based, supposes that signals can be
separated from interfering noise, but that both signal and noise act initially as potential
indicators of a phenomenon. Behavioral indicators of interest as well as those not of
interest are thus normally distributed along a similar continuum and overlap (see Figure
1). As a relatively common question in schools, how does one decide that children’s
hyperactive behavior signifies the presence of a real and identifiable disorder over simple
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“child’s play?” Reber (1995), defining the signal detection concept, writes, “the decision
to [detect a signal] is given by whether the total [set of behaviors] contributed either by
noise alone or by noise plus signal exceeds the set response criterion [italics added]”
(p.721). The set response criterion is typically a numeric representation of the line, along
the continuum, that is placed perfectly between the distributed signal and the distribution
of the interference. The distributions create four outcomes: (a) correctly detected non¬
signals (true negatives), (b) incorrect non-signals (false negatives), (c) correct signals
(true positives), and (d) incorrect signals (false positives).
Outcomes (a) and (c) correspond to “hits,” in which the predictor assessment and
criterion agree, making each a true negative and true positive, respectively. Outcomes (b)
and (d) correspond to “misses”, in which the predictor assessment and criterion do not
agree, making each outcome, respectively, a false negative and false positive. The terms
true and false refer to the agreement or non agreement between assessment and criterion,
while the terms positive and negative refer to the decision that is made. For example, in
the false-positive section (b) of figure 1, a signal was detected (positive), but the
assessment that detected the signal did not agree with the criteria (false).
Hintze et al. (2003) used ROC procedures to detect optimal cut scores, or set response
criterion, in which tasks from the DEB ELS (Kaminski & Good, 1998) could be modeled
against a more comprehensive measure of the phonological processing construct called
the Comprehensive Test of Phonological Processing (CTOPP; Wagner, Torgesen, &
Rashotte, 1999). To illustrate the idea of a set response criterion, Hintze et al. (2003)
indicated that two “signals” were found on DD3ELS tasks that appeared to accurately
predict a criterion score on the phonological awareness subtest composite (PACom) of
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Figure 1. Signal Detection Response Criteria

the CTOPP. These operationally defined response criterion were 15 correctly named
initial sounds and 25 correctly named letters (Hintze, Ryan et al., 2003). This criterion
represented the separation line in Figure 1, anything above the line (e.g. 15 correct initial
sounds and 25 letter names) was seen as a possible signal; however, as is evident, there is
the likelihood of detecting false positives.
Examining a specific ROC plot in Figure 2, the ideas of sensitivity and specificity are
reintroduced, and the idea of balance between positive outcomes is depicted. The central
line represents a perfect balance between true- and false-positives; however, an
assessment that identifies 50% correctly and 50% incorrectly is not a useful assessment.
In the following ROC plot, sensitivity is represented on the y-axis and 1 minus specificity
represented on the x-axis. Sensitivity represents the percentage of children in which the
criterion identified as positive “carriers” of a disorder also having been identified on the
predictor assessment. Specificity represents the percentage of children not identified as
“carriers” also having not been identified by the predictor assessment. Subtracting
specificity estimates from 1 gives, essentially, the remaining percentage of students
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Figure 2. ROC Curve Plot

correctly identified. For example, if 75% of children with a disorder were identified by
the predictor assessment, a remaining 25% would still have been “carriers” identified by
the criterion, but misidentified by the predictor. The 1-specificity index is essentially the
rate of false positives. Therefore, the ROC plots true-positives against false-positives. An
optimal curve is one that maximizes true positives (high mark on the y-axis) and
minimizes false positives (low mark on the x-axis).
Data-Based Decision Making and Types of School-Based Decisions
In schools, decisions are made on a daily basis. Indeed, the process of school-based
decision making can be seen as a fundamental and ubiquitous reality of education.
Instructional decisions in schools strongly involve the notion of resource allocation, and
are made, instructionally, on the basis of educational tests. Such resources can be seen as
(alterable) instructional variables such as: time, personnel, materials, techniques,
grouping, and intensity of instruction. Each of these variables has related costs, thus, it is

85

critical to make accurate decisions relating to the degree each of these resources are
allocated. Costs typically relate to economic and ethical categories. For example,
although it is easy to understand that more time and personnel allocated to a student to
increase learning are economically costly, federal protections from the Individuals with
Disabilities Education Act (IDEA) indicate that a more pervasive human cost may be
involved. Such language in IDEA refers to the restriction of a student’s freedom and
rights to access equal educational opportunities in the least restrictive environment.
Recent analyses suggest that special education and entitlement “high-stakes” decisions
carry great costs both locally and federally, and have established a separate system of
education ruled by expectations for slow and labored learning (Kavale & Forness, 1999).
Tests indicating that students are struggling are used across levels of education; those
used beyond the classroom often involve the consideration of restrictive placement. In
order to assure accurate decisions, tests must be placed, contextually, into usability
categories related to the types of decisions they may best facilitate. Because school
psychologists are primary consumers of educational tests, as well as the most common
users, the 1997 School Psychology: A Blueprint for Training and Practice II (Ysseldyke
et al., 1997) recommends five primary practices relating to, and thus defining, data-based
decision making and accountability. These are activities related to: (a) the use of
assessment within a problem-solving model, (b) the ability to identify, understand, and
collect pertinent information necessary to define and solve problems, (c) decision making
that informs intervention, (d) the assessment of outcomes, and (e) helping others become
accountable for all levels of school-based decisions. These activities thus operationalize
data-based decision making in schools.
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All school-based decisions made on the basis of tests relate to one overarching
purpose: to improve the effectiveness of instruction and thus increase the likelihood a
student will learn (a) more, and (b) at increased rates (Deno et al., 2001; Fuchs & Deno,
1991). Simply, all decisions relate to instruction and intervention. Analyses and
foundations for coordinated systems of assessment and instructions recommend
distinguishing four levels of decisions when approaching problem-solving and risk
prevention; these are decisions relating to (a) screening, (b) outcome, (c) diagnosis, and
(d) progress monitoring. Each level has different but related purposes and practices.
Screening decisions typically involve using general and broad-based assessments on a
large number of students, as a “first step” toward problem solution (Simmons et al.,
2002). Curriculum-based measurement tools such as those used in early and ongoing
reading development are critically useful tools in data-based screening. The initial step is
typically an early-year broad-based look at the degree to which each child is at-risk for
missing critical subject area benchmarks. These decisions typically involve likelihood
estimations regarding the need for further services (Shinn, 1995; Simmons et al., 2002).
Diagnostic decisions typically follow, in order to help confirm the level of intervention
necessary, as well as to target specific and individualized skill deficits necessary for
program planning.
Decisions made at the screening and diagnostic level can help to prescribe the level
and intensity of progress monitoring necessary for an individual student. Not only do
screening and diagnostic decisions help individual children, but if used in conjunction
with technically valid, useful, and research-based tools such as CBM and DEBELS, can
help to coordinate the way services are delivered in a school (Simmons et al., 2002),
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which can have tremendously positive effects on the way a school community organizes
their resources toward the neediest of students. Recent changes in special education law
will allow school to use a coordinated system of measurement termed “Responsiveness to
Instruction” (RTI), and thus allocate resources along three tiers: intensive-needs services,
moderate-needs services, and benchmark services (Case, Speece, & Molloy, 2003;
Simmons et al., 2002).
Each of these three tiers thus contains recommendations for progress monitoring
decisions, and have been developed in coordinated models of early reading intervention
(National Reading Panel, 2000; Simmons et al., 2002). Students at intensive levels of
need require frequent progress monitoring (weekly to biweekly), and students at
moderate levels require biweekly or monthly progress monitoring. Students identified at
benchmark levels following the screening and diagnostic processes, or the problem
identification and validation phases, will be assessed three to four times yearly. Outcomerelated decisions are typically broad-based, comprehensive, and end-of-cycle assessments
that allow schools to evaluate the “sum-total” of the reading program. The decisions at
the outcome level typically involve wider, district-level decisions (Simmons et al., 2002).
Curriculum-Based Measurement (CBM)
Discussing data-based decision making requires an examination of the measures and
assessment technologies used to assist in the decisions. The paradigm of CBM has a wellresearched, powerful, and technologically refined database in the area of early reading
and language arts (Daly et al., 2000; Deno, 1989; Deno et al., 2001; Fuchs & Fuchs,
1992; Kaminski & Good, 1996; Shinn, 1989, 1995), and an emerging research paradigm
in mathematics (Clarke & Shinn, 2004; Fuchs & Fuchs, 2001; Schul-Thurber et al., 2002;
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VanDerHeyden et al., 2001). Beginning in the mid-1970s, special educators were
interested in efficient assessment based on learning theory that could be adapted as timed
tests of proficiency with acquired subject matter and used to monitor progress with
ongoing alternate forms of short duration (Deno, 1989; Haring et al., 1978; Shinn, 1989).
The process of collecting information and assigning numbers to student performance was
thus termed CBM; the CBM measurement task itself fit under broader paradigms of
curriculum-based assessment (CBA) and curriculum-based evaluation (CBE; Howell &
Nolet, 1999).
CBM utilizes curricular samples linked directly to learning benchmarks in order to aid
in decision making about a student’s responsiveness within the curriculum level and also
helped in making decisions about a student’s optimal instructional level. In reading, for
example, an indicator of overall reading success demonstrated to be a “general outcome”
measure of reading success is oral reading fluency (ORF; Fuchs & Deno, 1991; Fuchs &
Fuchs, 1992). Educators would thus sample reading passages from the curriculum and
administer them to children, gathering one-minute behavior samples.
Extensive studies indicate that ORF is a reliable measure of reading proficiency useful
to screening and progress monitoring decisions (Shinn, 1995). Studies of mathematical
computation indicate that computational tasks with longer content and time samples also
produce reliable results and can be used to make screening and progress monitoring
decisions (Hintze, Christ, & Keller, 2003; Schul-Thurber et al., 2002). Numerous
technological advances allowed educators and school psychologists to use CBM in order
to evaluate instructional interventions for students with special needs in the areas of
reading and mathematics (Daly et al., 2000; Hintze et al., 2003; Schul-Thurber et al..

89

2002). This capacity allowed educators to test hypotheses and spend time
“experimenting” with instructional ideas until students can reliably demonstrate progress.
Measurement Paradigms
Students with diverse and special learning needs can benefit from frequent progress
monitoring using CBM and related measurement tasks. However, the purpose of the
measurement task is important to delineate, as is the measurement paradigm insofar as it
relates to the valid use and application of the data collected in the process. Fuchs and
Deno (1991) discuss two types of purpose-related measurement tasks: (a) general
outcome measurement (GOM) and (c) specific subskill mastery measurement (SSM). In
addition, Christ (2003) presents issues related to the psychometric-nomothetic versus
behavioral-idiographic assessment domains.
Indeed, the purpose of the assessment task is critical, and it is clear that using the
assessment to fulfill its purpose defines the validity of the measure. In this sense, the
Fuchs and Deno paradigm is useful to discuss for the purposes of presenting a rationale
for Early Numeracy Skill Indicators (ENSIs). In regards to Christ (2003), validity is
indeed a critical issue given the clash of assessment philosophies inherent in schools;
however, he writes, “CBM [is] an instrument that is relevant and shared across
epistemological boundaries...It is a versatile instrument” (p.34). The current research, in
developing measurement tasks that are sampled from the curriculum, holds Christ’s
statement as critical, in that recommendations will be made regarding the potential
usefulness of ENSIs within a decision-making model and future directions likely hold the
development of alternate forms. Using such forms for repeated measurement is another
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critical direction and fundamental component of CBM. This invites a set of research
questions that necessarily will inquire into the reliability structure of such forms.
Decision making is critically related to the type and purpose of instructional task.
Broad-based and inclusive decisions may be made using CBM measures that are
classified as GOM, whereas highly specific and short-term decisions are facilitated with
the use of SSMM; the latter decision being more prevalent in schools and likely related to
acquisition of skills necessary in the early grades (Fuchs & Deno, 1991; Good et al.,
2001). The two types of measurements are further compared in terms of objective-goal
type and inclusiveness as well as overall versatility and efficiency.
Curricular objectives in the area of reading, for example, may be measured
individually, as in short-term unit tests, or in a general manner combining knowledge of
short-term objectives into an overall GOM (Fuchs & Deno, 1991). Oral reading fluency
has been established as a general outcome measure that can be assumed with some degree
of certainty that children progressing in this task continue to learn and integrate rules of
language decoding into their skill set (Fuchs & Deno, 1991; Fuchs & Fuchs, 1992). Thus
SSM and GOM can be contrasted in terms of their ability to address the inclusiveness of
curricular objectives.
In examining efficiency and versatility, constant and frequent construction of mastery
tests may be time consuming to the teacher interested in overall student growth. It also
seems that the report-card grade, a most general manifestation of an assessment
paradigm, is less than perfectly related to individual skill mastery, unless that individual
skill is a keystone to understanding more broad ideas in the general curriculum. The
DIB ELS, for example, purport to measure a student’s phonological awareness and
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alphabetic knowledge, critical keystones to being able to read, a general expectation in
most early reading curricula (Kaminski & Good, 1996). In this sense, a general outcome
paradigm in early math should be explored.
The issues of measurement purpose and their related validity are critical to the current
research. Although a critical issue raised by Fuchs and Deno (1996) addressed memory
and retention, especially related to the assessment task and its ability to facilitate and
measure such processes, this point is left out of the current review given the lack of
consensus on what early keystone tasks comprise short- and long-term mathematical
goals. Even Baroody (2004), in surveying an extensive cognitive research base, was
careful in recommending early standards. Indeed, early math instructional tasks and
shared, consensual curricular standards are relatively new (Baroody, 2004); therefore, it
is unclear whether tasks like number naming and matching quantities, for example, must
be developed in the short-term or throughout the year. It is critical to note that
categorizing early mathematics assessment is not as important as understanding the
degree to which curricular mastery and long-term mathematical growth in kindergarten
may be facilitated. Developing and defining measurement tasks that are purposeful and
curriculum-based is the fundamental purpose of the current study.
Assessment and Screening in Math: A Survey of Existing Tools
In regard to curriculum-based applications to early math, two published studies
explored sets of discrete assessment tasks in terms of reliability and criterion-related
validity (Clarke & Shinn, 2004; VanDerHeyden et al., 2001). Both studies utilized
correlational research designs to examine the validity of the proposed CBM probes.
Clarke and Shinn (2004), conducting research on first grade students in the fall, winter,
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and spring (N=52) identified four measures of early numeracy: oral counting (OC),
number identification (NI), quantity discrimination (QD), and missing number (MN).
VanDerHeyden et al. (2001) conducted research with kindergarten students during the
spring months (N=40) and identified three measures for early mathematics: circle number
(CN), draw circle (DC), and write number (WN). Clarke and Shinn (2004) used M-CBM
probes, the Woodcock Johnson Applied Mathematics subtest (WJ-AP), and the Number
Knowledge Test (NKT); VanDerHeyden et al. (2001) used subtests and the composite
measure of the Brigance Comprehensive Inventory of Basic Skills (CIBS-R). Table 2
displays the results in terms of concurrent and predictive validity (highest obtained
correlations reported). Promising correlations between well-established measures of
number sense were found with each of the measures identified from the Clarke and Shinn
study, especially with the QN measure.Good evidence of criterion-related validity was
also evidenced with the CN probe from the VanDerHeyden et al. study.
Relevance of Decision Making to the Current Research
Literature presented in this section demonstrates the critical necessity of making
accurate decisions in school and matching the type of assessment with the purpose of the
assessment. Curriculum-based assessment is gaining popularity in schools and will
undoubtedly become more useful and widespread given upcoming changes in educational
law allowing for the use of RTI paradigms (Case et al., 2003). Measures like the ENSIs,
which are sampled from kindergarten curricular objectives and link to specific learning
standards, must demonstrate usefulness and applicability to the school community. In
doing so, not only must the ENSIs demonstrate social validity, but must be useful to
educators interested in examining student’s mastery of curricular standards in regards to
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Table 2. Early Mathematics Concurrent-Criterion Correlations
Measures

M-CBM

WJ-AP

NKT

l.OC

.50

.64

.70

2. NI

.66

.65

.70

3. QD

.71

.79

.80

4. MN

.75

.69

.74

CIBS-R

5. CN

.61

6. DC

.52

7. WN

.44

both short- and long-term curricular goals. Early Numeracy Skill Indicators, with a
relatively new research base, must be placed into the early mathematical developmental
context. As such, the data collected in the current research must help to both advance
knowledge of early childhood mathematics learning and curricular as well as standardsbased instruction. Decisions made with ENSIs, given the purposes of the study, will
relate to screening and diagnostic questions. At this point, given the relatively green
status of early childhood curricular standards in math, (Baroody, 2004; Clements, 2004),
it is hoped that ENSIs will contribute to shaping and defining instruction and standards
mastery in early mathematics.
Chapter Summary: The Problem and Proposed Solutions
Problem Summary and Definition
Currently, there is a sparse research base available for school psychologists and
various educators interested in psychoeducational measurement demonstrating the early
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skills and knowledge predictive of math success, leading to an emerging yet
underdeveloped prevention-based screening and formative assessment paradigm in the
area of early numeracy. Three primary ideas must thus be explored in examining the
extent of the current problem: (a) specific early skills and knowledge in math, (b)
theoretical links between early mathematics skill and later underachievement, and (c) the
resulting underdevelopment of specific tools available to school psychologists and related
professionals that can be used in formative assessment.
The current research seeks to address this problem through the development of
applied, field-tested measures of early numeracy founded upon a synthesis of current
empirical and theoretical knowledge in mathematics education, thus adding to the applied
reference base. The current research is primarily concerned with developing valid
measures with predictive and diagnostic utility as its fundamental aim and scientific
contribution. In a secondary sense, the research seeks to develop and synthesize research
and theory in early mathematics education. Theoretical extensions of foundational
notions of number sense must be explored in future studies, and specific contributions to
longitudinal success in mathematics remain beyond the scope of the current research.
Nonetheless, these ideas both support and guide the efforts of the current study. For a
more detailed examination of the recommended extensions of the current research, see
chapters 5 and 6 in the current volume.
Lack of Applied Definitional Clarity
Throughout this chapter, an attempt was made to synthesize theories, ideas, and
empirical research related to the origin of number systems and their practical aims and to
link these ideas to the pragmatics of schooling and learning math. Such attempts are thus
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foundations upon which to develop a set of valid early skill indicators. Howell and Nolet
(1999), in discussing a comprehensive logic model for curricular evaluation may agree
that the process of defining the nature of the task, or the “thing to be learned” is essential
to teaching and necessary for standards-based formative assessment. Numerous
representatives across the experimental and educational standards literature indicate that
an assessment must draw from well defined learning standards, a driving force behind
content-related validity (Gall et al., 1996; Linn & Gronlund, 2000; Shadish et al., 2002)
and the significant practical utility inherent in CBM (Daly et al., 2000; Deno, 1989; Deno
et al., 2001; Fuchs & Fuchs, 2001; Kaminski & Good, 1996; Shinn, 1995).
A major purpose of the current research is to build measures upon a well developed
definition of number sense, as contained in theory, practice, and encoded in curricular
standards (Baroody, 2004; Clements, 2004; Fuchs & Fuchs, 1992). However, the
literature reviewed in this chapter indicates a troubling idea: widespread agreement
regarding instruction, assessment, and priorities in early mathematics teaching and
learning is not yet a reality, and likely based on theoretical, philosophical, and practical
difference in the teaching of early mathematics (Clements, 2004; Ma, 1999). Past debates
in the area of reading were founded upon similar ideas; due to research and reason in
education, basic early literacy skills have been developed and linked to later school
success (Adams, 1990; Kaminski & Good, 1996; Stanovich, 1986). In math, the current
reality results in an incomplete and emerging sense of the early predictors of numeracy
and the resistance of a clear, well-articulated set of ideas to drive early math instruction
(Resnick, 1989).

96

Despite disagreement in teaching practices, organizations such as the NCTM,
drawing on an extensive research base (Clements et al., 2004), are beginning to establish
parameters for agreement on a set of fundamental ideas related to early number skill,
emphasizing the idea that “number and operations in the early childhood years may be
the best developed area in mathematics education research” (Clements, 2004). Many
scientific and educational organizations have cited this idea for years , and have thus
worked toward the selecting a set of early curricular standards to guide the way toward a
method for teaching and learning number sense (Clements, 2004; Clements et al., 2004;
National Research Council, 1989, 1993, 2000, 2001). In the face of such agreement, it is
surprising that early math instruction and assessment in schools founders in debate.
In daily educational practice, these problems often manifest as what Wu (1999) terms
“false” dichotomies. Wu (1999) cites the math debate known as “basic skills versus
conceptual understanding;” Ma (1999) supports this evidence by examining dichotomies
in teacher education and practice that reinforce differences in teacher emphasis on
procedure versus concept. Such problems clearly obfuscate math’s fundamental reliance
on number sense, logic, and rules (Clements, 2004; National Research Council, 2001),
especially as such processes are related to later development of conceptual competence
(Wu, 1999).
Achievement Problems in Math
Examining large-scale achievement problems in mathematics without investigating
the degree to which early deficits impact later mathematical development is of little use
in the current study. However, it is essential to understand the current state of affairs in
American mathematics. In exploring this idea, it is also important to investigate the
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degree to which number sense is established in the literature as a factor that can protect
children from failing mathematics. Earlier in this chapter, it was demonstrated that skill
in number sense and operations is indeed a “cornerstone” of higher learning in
mathematics, logic, science, and technology (Clements et al., 2004; National Research
Council, 2001; Steen, 1987). Yet many of the same publications that vigorously support
these ideas also indicate that a significant portion of the student population has not
mastered fundamental skills and concepts. Disaggregated data suggest that a “Matthew
Effect” indeed operates in math as well as reading, and unless addressed through
prevention-based efforts like those in the current study, may prevent mathematical
learning in schools.
Underdeveloped Assessment Paradigm
Research-based tools that can be used for the purposes of large-scale screening and
formative progress monitoring in early mathematics are relatively new (Clarke & Shinn,
2004; VanDerHeyden et al., 2001). Also, published research has only begun to develop
such tools with correlational designs and criterion-related validity explorations. Because
early assessment technologies can indeed inform and guide instruction, the development
of this paradigm is a critical area which necessitates further research. No studies have
begun to examine early curriculum-based measures relating to their utility in progress
monitoring. Studies on progress monitoring, even in thoroughly developed areas such as
reading and mathematics, have not convincingly established fluency-based measures as
reliable beyond a doubt for the purposes of progress monitoring. Although the measures
in Clarke and Shinn (2004) displayed evidence of reliability and validity, the subjects
were first grade students. Along these lines, these authors indicate that research with
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kindergarten students is a critical direction for future research, as is the exploration of
early numeracy assessment tasks in educational settings (Clarke & Shinn, 2004). They
write, “future research should attempt to further parcel out the relationship between
reliability, validity, and the measures utility in educational decision making” (p.246).
Indeed, the primary purpose of the current research is to establish kindergarten
mathematics measures that evidence reliability, validity, and diagnostic accuracy.
Early Numeracy Skill Indicators: Test Content and Theoretical Rationale
Counting-On Fluency (COF)
This measure requires the student to “count on” from a specified number between 1
and 10, ending with another specified number. The test was developed in hopes to
counteract the serial dependency and memorization of number strings inherent in early
counting (Clements, 2004), acting as a more advanced measure of counting ability
assessing children’s use of an “unbreakable chain” in counting. Ten trials are given with
a randomly selected amount of spaces per trial (ranging from 1 to 10 spaces). Each child
is timed, beginning immediately following the directions and ending when the student
says the final number (to include a component of response latency, or access to the
mental number line). If the student fails to complete the first three tasks, the test is
discontinued.
Baroody (2004) indicates that an advanced ability toward counting, such as beginning
the count sequence on numbers other than one (known as proposed number standards
N 1.1.5 - 7, same author), is an intermediate step from non-verbal quantity recognition.
Indeed, this ability in conjunction with automatic number recognition is evidenced to
produce cognitively competent learners (Baroody, 2004; Baroody et al., 1983). Although
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counting-on typically requires children to begin counting with a number following a
prompt (i.e. counting on to 20 from 10 would begin with 11), thus reinforcing cardinality,
this cannot be accomplished with the method in which the COF task directions are
currently structured. Instead, the COF task appears to draw on a more sophisticated
ability to count and thus draws on children’s ability to begin counting from randomly
selected start points on the mental number line. While Baroody (2004) indicates that the
knowledge of seriation is indeed critical to understanding the ordinal nature of number,
he also indicates that memorized counting sequences beginning with 1, 2, 3, may
underestimate a child’s true ability in counting, which is evidenced by fluent access to the
number line.
Data in Clarke and Shinn (2004) indicate the lowest predictive correlations in the fall
and winter of first grade was their oral counting (OC) measure (.56 and .46) as correlated
with M-CBM criteria. Concurrent correlations in this data also suggest a relatively lower
set of concurrent correlation coefficients between OC and criterion measures, evidencing
an attenuating effect from the fall to the spring in aggregated mean coefficients (.69, .65,
and .60). Thus, the OC measure may be the least predictive of their measures and may
also lose its practical utility over time, suggesting that this measure may indeed draw on
children’s serial memorization thus inadequately representing an important component of
number sense. Although this study and the Clarke and Shinn (2004) study are not able to
be accurately compared, it is hypothesized, based on the findings and recommendations
of Baroody (2004) that the COF subtest of the ENSIs may produces scores that represent
a more accurate measure of number knowledge.

100

Number Recognition Fluency (NRF)
In this task, each child is presented with a list of 60 randomly ordered numbers in
ranging from 0-20 after given explicit directions to name each number. The correct
number of digits per minute is scored. If the child fails to name any number correctly in
the first two rows, the test is discontinued. Applied studies of the rapid naming construct
in early education support the strong predictive power of such a measure (Hintze et al.,
2003; Wagner et al., 1999), while other studies simply indicate the fundamental need for
children to rapidly recognize number names in their Arabic symbolic representation,
given the complexity of the numeric base-10 language (Miller et al., 1995). Miller et al.
(1995) indicate that number naming and recognition can facilitate processes used for
addition, carrying, and division. Baroody (2004), in extending similar research findings
to the development of early math standards, argues for a doubled approach that is
critically dependent upon numeral recognition as well as efficient counting in order to
facilitate positive early math outcomes.
Match Quantity Fluency (MQF)
This task requires the child to match a symbolic base-10 numeral with its correct
quantity. The child is presented with a sheet divided into two parts; the left side
containing an oval with different quantities of items, and the right side containing four
numerals. Ten items are administered to each child. The examiner begins timing the
student after a verbal prompt to begin and ends when the child points to a numeral on
each item, thus time is represented by the aggregate response latency on each item. The
total of correct quantities matched per minute are scored.
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According to the National Research Panel (2003), “competent counting requires
mastery of the symbolic system [which is] a complicated set of procedures that require
pointing at objects and designating them with symbols” (p.159). Evidence from Baroody
(2004) suggests that efficiently linking small sets of objects to counting or number words
is a form of a child’s use of the cardinality principle, that is, that a number or number
word contains the exact amount of items in a set (National Center for Education
Statistics, 2002). Understanding written representations (recognition or enumeration)
appears to be an enabling skill in allowing for the production of sets (Baroody, 2004;
Baroody et al., 1983). In addition, Baroody (2004) indicates that “informal and formal
written representations of cardinal [sets] can greatly extend our use of numbers” (p.177).
He presents extensive evidence supporting the idea that an automatic understanding of
quantity inherent in set perception, and later used in counting, is a critical area of early
mathematics understanding.
Ordinal Position Fluency (OPF)
To assess a child’s understanding of ordinality, an essential component of numeric
literacy, a row of objects on a stimulus probe sheet is presented to the child. Each row
features no more than 5 easily recognizable objects (cat, ice cream cone, chair, spoon,
dog, etc.). The student is asked to name the item that falls at a specified place in the
sequence (i.e. 1st, 3rd, etc) and is also asked to name the place, given the object or item
name. The examiner times the student following the directions and ends when the student
has either pointed or named the object correctly. Ten items will be presented to the child,
and the score is calculated by taking the total items correct times 60, divided by the total
number of seconds.
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Baroody (2004)’s comprehensive review of the cognitive research literature, and
writing to establish early mathematics standards, indicates three transitions: (a)
precounting (transition 1), (b) counting (transition 2), and (c) developing written
representations (transition 3). Similar “transitions” in the area of early reading consider
the need for a child to acquire, develop fluency with, maintain, and generalize early
decoding skills prior to “cracking the alphabetic code” and thus progressing more readily
into higher symbolic tasks {Wagner et al., 1999; National Reading Panel, 2000). Baroody
indicates that prior to the transition to developing written representations, the knowledge
of cardinality (transition 1) and ordinality (transition 2) must be combined. With this, he
writes, “by assimilating written numerals with the knowledge of the verbal counting
sequence, children can quickly recognize that written numbers embody an ordinal
relation, and choose the larger of the two numerals” (p.192). Indeed, an interesting
research task may be examining Clarke and Shinn’s QD measure as related to a child’s
ability to “master” early ordinality.
Relative Size Fluency (RSF)
This task requires a child to discriminate between two sets of items in terms of their
relative size. Ten trials are conducted, presenting the child a sheet with pictures of two
objects or sets of objects. The child is then asked to identify which object or set is bigger
or smaller, has more or less, and is longer or shorter. Verbal number and size

discrimination tasks are also included in the relative size fluency task, where children are
asked to name the larger number or object. Within the task are those requiring the
perception of size given verbal (which is bigger, 7 or 97), pictorial, or numeric stimuli.
The total score is calculated as correct answers per minute.
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Prior to understanding functionality of numbers as well as written representations is
the simple perception of quantity inherent in the environment. Perceiving relative size,
argues Baroody (2004) may be one of the most fundamental human processes,
developing earlier than language, and essentially comprised of an “estimation process”
(p. 175). The tasks included in the RSF subtest rely on both (a) a child’s ability to
understand cardinality, one-to-one correspondence, and thus quickly enumerate small
sets, and (b) simply perceive and understand the notion of size based on representations.
Although the simple and basic perception of size may make the RSF task too easy, when
combined with simple counting, the task may be more appropriate for children who have
mastered simple counting concepts. The inclusion of what appear to be separate
manifestations of early number ability may result in unreliable data, but that is to be seen.
Purpose of the Current Research & Proposed Applied Contributions
The primary purpose of the current research is to develop early mathematics
assessment devices that demonstrate adequate reliability, validity, and diagnostic
accuracy in order to recommend uses related to data-based educational decision making.
A closely related secondary purpose is to contribute to generating future research
questions and hypotheses about the early mathematical development of young children.
Numerous sources indicate that children begin constructing mental representations and a
clear understanding of arithmetical operations prior to formal schooling (Ginsburg &
Baroody, 2003; Seo & Baroody, 2004; Baroody, 2004). Fuson (2004) writes passionately
to recommend challenging early number curricula, as do numerous other sources that
suggest that children are more than prepared to complete complex early operations
(Ginsburg & Baroody, 2003; Resnick, 1989; Seo & Ginsburg, 2004; Steen, 1987;
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National Research Council, 1989, 1993). Thus, a well-developed set of early screening
and assessment devices linked to early standards may contribute to providing a rationale
for improving and informing mathematics instruction in kindergarten.
Chapter Conclusion
This literature review attempted to demonstrate the extant foundation behind early
number knowledge through an historical, subjective, and applied analysis of its utility in
schools and societies. This synthesis thus attempted to provide broad horizons over which
to intricately define and label components of early number knowledge. It was put forth
that early number development is linked closely with arithmetical operations so critical
and necessary for school success, and success in society. As such, an examination of
mathematics underachievement was undertaken, generating comparisons among
advantaged and disadvantaged U.S. subgroups, as well as comparisons among nations in
terms of mathematics standards. In identifying such a problem, early assessment and
decision making priorities were examined in terms of their educational utility and
application to the current problem. Finally, the proposed measurement tasks were
explored in terms of their link to theory and practice in early mathematics. The final
contribution of this chapter was a statement of purpose, transitioning into the research
phase of this dissertation project where the technical properties and decision making
utility of the ENSIs will be comprehensively explored.
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CHAPTER 3
METHOD
Participants and Setting
Children included in the study were a convenience sample of 64 kindergarten students
enrolled in a moderate- to low-income public school district in rural Northeast
Massachusetts in 2003-2004. The school district includes 10 kindergarten classrooms in
three separate elementary schools, with a total kindergarten enrollment of 139 students.
Data were collected during the 2003-2004 school year. Participants in the current study
were sampled randomly from the total district population of kindergarteners and included
30 males and 34 females.
District student demographics include 90% Caucasian, 4% African-American and 5%
Hispanic; additionally, 47% of students are male, and 53% are female. Regarding income
status, 44% of the district’s kindergarten students receive free or reduced-priced lunch.
Sample demographic characteristics reflect those of the larger kindergarten sample and
overall district data (47% male; 53% female; 93% Caucasian, 4% Hispanic, 3% AfricanAmerican; 49% free and reduced-priced lunch). Comparisons of the current sample and
district demographics to state income status (27%) indicate higher overall free and
reduced price lunch rates. However, sample and district data compared somewhat more
evenly to U.S. census data, indicating that close to 35% of school-aged children meet
poverty threshold criteria when such criteria are doubled to account for aggregate family
size (U.S. Census Bureau, 2004).
All test data were collected by trained graduate students attending an APA-accredited
school psychology program. Administration of criterion and experimental measures
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occurred just outside of each kindergarten classroom, where each student sat at a small
desk facing the administrator in relatively close proximity to other children in the same
conditions. Classrooms and teachers in the area of the testing sessions were given verbal
and written instructions from the building administrators to minimize transitions and
disruptions during the testing sessions.
Materials
Criterion Measures
Test of Early Mathematics Ability, Third Edition (TEMA-3)
The mathematics ability of the kindergarten sample was assessed using a published
norm-referenced test known as the TEMA-3 (Ginsburg & Baroody, 2003), which acts as
the primary concurrent and predictive criterion measure. The total administration time for
the TEMA-3 is described in the manual as approximately 40 minutes per child. The
TEMA-3 assesses a child’s mathematics understanding of concepts and performance in
the areas of number skill, number-comparison, numeral literacy, number facts, and
operations. During testing, students are asked to write numbers, use small black chips to
count and represent operations, and other various number tasks utilizing production- and
selection-type responses. To decrease testing time, entry criteria based on age were used,
and examiners were directed to administer items to a ceiling (5 consecutive incorrect
responses). Examiners were also directed to obtain 5 consecutive correct answers that act
as a basal indication of basic math ability. Overall, the test is untimed with the exception
of computational items that utilize brief time limits. The test is available in two alternate
forms (A and B) with 2 separate sets of manipulatives. To minimize residuals in the
current study, form A was used during fall and spring administration periods.
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Concurrent correlation coefficients are reported between the TEMA-3 and four
commonly used published norm referenced tests. Coefficients included .63 on the Key
Math basic operations test, .55 on the Woodcock-Johnson m Achievement test, .83 and
.84 on the math calculation and overall composite of the Diagnostic Achievement Battery
(DAB-3), and .91 on the Young Children’s Achievement Test (YCAT). Reported internal
consistency of the TEMA-3 are above .92, and the alternate form and test-retest
reliability both exceed .80 for form A, used in the current study. Scores on the TEMA-2
exceeding the 25 percentile were used as screening cutoff scores in the current study
and indicate lower risk status for early mathematics problems. Scores at or below the 25th
percentile were used to identify risk status. Using the TEMA-3 as a criterion for group
assessment purposes was consistent with published reliability estimates for utility in
screening decisions, which range from .60 for large samples to .80 for screening, and .90
for individual placement decisions (Salvia & Ysseldyke, 2003).
Teacher Ratings
As an additional criterion measure, teachers rated the math performance of each child
following the Fall and Spring test administration. Teachers were asked to assign a
number to each child corresponding to one of three kindergarten mathematics curricular
mastery levels: (a) student has mastered many or all curriculum objectives, (b) student
has mastered some curriculum objectives, or (c) student has mastered few or none of the
curriculum objectives. Simple ratings were used and no concurrent materials or directions
were provided.
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Experimental Measures: Early Numeracy Skill Indicators (ENSIs)
The Early Numeracy Skill Indicators (ENSIs) were initially constructed as operational
measures of early mathematics performance, based on recommendations of the National
Council of Teachers of Mathematics (NCTM), as incorporated into the Massachusetts
Mathematics Curriculum Frameworks. Based on a review of the literature, early skills
related to counting, identifying attributes of objects, and numeral identification were
identified as viable concepts to study. To aid in selecting and operationalizing these tasks,
an informal study group of kindergarten teachers was convened in the included district to
discuss approaches to gathering mathematical information from young children. In
addition to suggesting understandable tasks, directions, font size, and layout of the
current assessments, the teachers suggested a set of 20 household objects that they felt
were easy to visually and verbally recognize given a pictorial representation. Items
selected for the ENSI tasks of Quantity Matching, Relative Size, and Ordinal Position
were randomly sampled from the total numbered set using a random number generator.
The following paragraphs briefly describe the experimental measures. Each subtest
requires the use of a stopwatch. Experimenter materials, directions, and student stimuli
for each ENSI task, described below, are included in Appendices A-J.
Counting-on fluency (COF). This measure requires the student to verbally count aloud
a predetermined number of spaces (between 5-10) beginning anywhere between the
number 1 and 9. To begin, the student is given directions to start counting with a
specified number, between 1 and 10, ending after they have counted that many spaces.
Directions, for example, ask a student to “start at 8 and count to 14.” Ten trials are given
with a randomly selected amount of spaces per trial, ranging from 5-10 spaces, and were
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identified through the use of a random number generator. Each child is timed, beginning
immediately following the directions and ending when the student says the final number.
Testing is discontinued upon failure to complete each of the first three tasks. The total
score reflects the correct spaces per minute (CS/M), and is calculated by taking the total
spaces correct times 60, divided by the total number of seconds.
Number recognition fluency (NRF). To assess number recognition, each child is
presented with a list of 80 single-digit numbers in bold, 18-point Arial font. Numbers
range from 1-20, and children are directed to name each number. Massachusetts
curriculum frameworks indicate that an end-of the year kindergarten objective is the
ability to name numbers 1-20. The correct number of digits per minute will be scored.
The subtest is discontinued if the child fails to name each number in the first row
incorrectly.
Match quantity fluency (MOF). This task requires a child to match a symbolic base-10
numeral with its correct quantity. Each child is presented with a sheet divided into two
parts; the left side containing the four numerals in boxes, and the right side containing a
circle with pictorially represented items inside. Following the presentation of the
stimulus, the child is asked to point to the number that tells how many objects are in the
circle. Ten items are presented to each child. Following directions, the examiner begins
timing the student after a verbal prompt to begin on each item (“point to the number”),
and stops when the child points to a number. The total of correct quantities per minute
will be scored. Testing is discontinued if each of the first three items are incorrect.
Ordinal position fluency (OPF). In this task, a row of objects on a stimulus probe sheet
is presented to the child. The sheet is divided into an upper and lower half, with the upper
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half containing practice items. The row of items features 5 easily recognizable objects
(cat, ice cream cone, chair, spoon, dog, etc.). Directions call for production- and
selection-type responses, prompting the child to (a) name the item that falls at a specified
place in the sequence (i.e. 1st, 3rd, etc) and (b) name the ordinal position, given the object
or item name. The examiner times the student following directions and a verbal prompt to
begin, and ends when the student has either pointed or named the object. Ten items were
presented to the child, and the score was calculated by taking the total items correct times
60, divided by the total number of seconds.
Relative size fluency (RSF). This task requires a child to discriminate between two
sets of items in terms of their relative size. Ten trials are conducted, presenting the child a
sheet with pictures of two objects or sets of objects. The child is then asked to identify
which object or set is bigger or smaller, has more or less, and is longer or shorter.
Verbal number and size discrimination tasks are also included in the relative size fluency
task, where children are asked to name the larger number or object. The total score is
calculated as correct answers per minute.
Procedure
Selection of Participants
Study participants were selected by utilizing a computer-generated, alphabetical
numbered list of the total kindergarten district population. Using a random number
generator, 100 unique numbers between 1 and 139 were created and students on the
master list with matching numbers were the selected participants for the current study.
Despite numerous randomization procedures described in this chapter, the sample
remains one of convenience. Attempts were made at the beginning of this chapter to
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describe the demographic attributes of the sample, the district, and the larger state and
U.S. populations for purposes of facilitating external validity to samples with similar
attributes.
Consent
The school district where the study was completed adopted the ENSIs and the TEMA
as district-wide screening procedures; therefore consent for the current analyses was
obtained from the superintended and administrative staff as access to school records.
Given that analyses were conducted on existing data, and not on human subjects, no
parental consent was obtained. However, during the testing, administrative procedures
were adopted so as to obtain the assent of kindergarten students and teachers. Each
student was asked if it was “ok” if testing occurred. If students or teachers did not appear
to object, testing commenced. Test administrators were instructed to dismiss students
from testing if they appeared upset. Options were also given to teachers to withhold
students from testing if they felt the student appeared upset by any component of the
testing. In the current study, 3 students were withheld from fall testing due primarily to
“externalizing” behavior problems during the testing period, and 1 student was withheld
from the winter session by a teacher who felt the student may become upset.
Training
Graduate students currently attending an APA-accredited scientist-practitioner school
psychology training program with specific backgrounds in childhood assessment
collected data in the current study. Prior to each seasonal testing period, test
administrators were provided with specific training in the procedures of the testing,
supervision, observation, brief quizzes and discussion periods regarding the specific
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administration of the measures and working with young children. Comprehensive 3-hour
sessions were provided by the primary study author prior to the fall and spring periods.
Assessment integrity sheets were developed for use during the training sessions. Triads
were developed where one student administered the tests, one acted as the child, and one
observed. Following the training sessions, large-group coaching and feedback occurred.
Brief 1-hour sessions and one-to-one observations were provided prior to the winter
sessions. Before each graduate student administered the test, they were required to
receive a 10 of 10 score on a brief quiz, mixing short answers and multiple-choice
questions regarding administration procedures, discontinue criteria, and test directions
and content. Each test administrator scored 100% on the quizzes both (a) immediately
following training sessions and (b) immediately prior to actual testing.
Pilot Test Administration
In order to briefly field-test the experimental measures, 13 students taken from the
original sample of 100 students were administered each ENSI subtest. Consequently,
these 13 students were not included in the final subject pool. TEMA-3 data was used as
district screening results for these students. The purpose of the pilot test was to examine
the measures for consistency and clarity in directions, ease of use, and ease of scoring.
Three of the trained graduate students including the current author administered the tests
to the 13 students. Following the administration, a group feedback session was held and
revisions recommended in (a) directions and testing prompts and (b) scoring sheet layout.
Revisions to directions included consistency between test prompts and language in the
practice test. For example, in the COF subtest, students were given practice items and
asked to “start at the number I tell you and count to the other number I tell you.” Test
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prompts directed the student to “begin with [a number] and end with [a number].”
Revision retained the words “start” and “stop” in practice and test prompts. Also, it was
noted in the MQF directions that pointing and directly modeling the matching of pictures
with numbers was not explicitly stated, which may lead to inconsistency in examination
procedures. Another example lies in the OPF subtest, where recommendations were made
to model how one comes to decide what place an object occupies. For example,
directions prior to revisions did not include correction procedures specifying a correct
model such as “watch me find the place” and then counting along the numeric line “first,
second, third - the dog is in third place.” Specifications for pointing and modeling were
thus included in revisions.
Scoring layout revisions were recommended when administrators noticed
inconsistency in the scoring sheets used by examiners. For example, one subtest included
a space to record student responses while others did not. Also, it was recommended that
faint dotted lines be included under the items indicating discontinue rules. Revisions
resulted in consistent examiner scoring protocols and the inclusion of lines to preclude
frequent looks at the discontinue criteria that may disrupt the flow of testing.
Data Collection
Data on the experimental measures was collected in the fall, winter, and spring. The
TEMA-3 and teacher rating criterion data was collected in the fall and spring to facilitate
concurrent and predictive validity analyses. The first data collection period occurred in
mid-October, after the kindergarten children acclimatized to a relatively structured class
routine as compared with preschool and summer activities. Test sessions were equally
spaced over 13 weeks. The total data collection time during each season ranged from 3-
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16 days, with more variation in the fall data collection period. Test data during the fall
was collected on 7 days over 3 weeks due to scheduling conflicts around data collection
sessions. Each school in which data was collected was concurrently implementing
comprehensive schoolwide reading screenings as mandated through NCLB legislation for
underperforming schools. Thus, initial scheduling was met with significant challenges by
classroom teachers and school administrators. Winter and spring data were collected on
experimental and criterion measures over a shorter period of 3 days each.
The order of individual ENSI subtest administration was randomized during the winter
and spring data collection periods. In the winter period, 88 students were expected to
participate. Accordingly, randomization procedures included generating 88 sets of
numbers randomly ordered between 1 and 5. Similar procedures were followed for the
spring session. Prior to the fall, winter, and spring administration sessions, data collectors
were randomly assigned to children. During the winter period when 88 participants were
included, for example, a random number generator was used to develop 88 sets of
numbers between 1 and 4, corresponding to 4 examiners. The randomized set was
included when a generally balanced number, approximating 22 each in this example, was
obtained. Small numbers were written on TEMA and ENSI protocols and the primary
author of the current study assigned examiners to participants when applicable. Fall data
was collected on each student in order. Threats to valid inference are consequently
discussed in chapter 5 of the current research.
Although the TEMA manual recommended 45 to 60 minutes per child, time was
budgeted to 30 minutes per child. This recommendation was made based on the need to
minimize testing time as a result of significant amounts of early screening data occurring
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in kindergarten as a result of NCLB reading testing mandates. Direct email contact with
the authors of the TEMA indicated that younger children may hit basals and celings
earlier and thus require less testing time. Authors also noted that children with low math
ability may take less time. The time recommendation thus included estimations of
aggregate math ability for district kindergarten students.
For 47 students in the study (each of which attended preschool in the district)
preschool and classroom teachers were informally polled to indicate the general
mathematics ability of each student using the Relative Size Fluency (RSF) task as a
reference. Teachers were asked what students would have difficulty on a test like this and
which would not. It was found that close to all of the 47 students were thus informally
nominated as low-math ability. Based on study results, it was estimated that testing time
on the TEMA took an average of 30 minutes per child. Consequently, moderate to high
levels of attrition resulted. Administration time for ENSI tasks were estimated to range
from 8-15 minutes per child. Brief follow-up sessions were scheduled during each testing
period to account for student absences. Students who were absent during the initial
scheduled time and the follow-up period were not included in the study.
Procedural Integrity
The district pupil services coordinator was asked to observe the fall testing session and
complete 2-3 assessment integrity observations per each test administrator on each test
(TEMA and ENSI). The recording sheet used was the same form used in the initial
training period. The items on the sheet included (a) stating directions verbatim, (b)
speaking clearly, (c) using the stopwatch as intended and (d) adequate pacing of tasks.
The pupil services director completing the observations had over 20 years of experience
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screening young children, and contributed to the construction of the observation form.
Qualitative results were also encouraged. Results indicated that each examiner was found
to accurately state directions, use the stopwatch as intended, and spoke clearly. Observer
feedback indicated that tasks seemed rushed during the fall observation session and
concerns were raised over the pacing of tasks and the facility of examiners in managing
the paperwork, manipulatives, and testing devices. Numerous examiners also mentioned
that a number game was to be played, which may have led to false demand characteristics
in the testing session. Other procedural integrity attempts were discussed in the preceding
training section. Procedures for interrater agreement and other means of ensuring reliable
data are displayed in the results and discussion sections.
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CHAPTER 4
RESULTS
The purpose of the current research was to examine the relationship between scores on
experimental measures of early mathematics skill and previously established
comprehensive measures of math ability as well as teacher ratings of math ability. As
such, the current study utilizes a correlational design, with the major research question
concerning the degree of relationships between experimental and criterion scores. Results
of the correlational analysis are displayed in this chapter and take into account related
design aspects that allow for comprehensive development of the Early Numeracy Skill
Indicators (ENSIs). Primary among these aspects are data screening results and
descriptive statistics, in which fundamental data assumptions are examined. In addition,
results concerning reliability, validity, diagnostic accuracy, sensitivity, and group
stability are presented.
Descriptive Statistics and Data Screening
Prior to analysis, data were screened for the purposes of examining scoring accuracy,
the accuracy of the data file, and the degree to which the obtained data and residuals were
normally distributed about a mean. Immediately following test administration, examiners
were asked to enter and calculate scores for each individual examinee. Each ENSI and
TEMA test protocol was again examined and scored prior to data analysis. For the ENSI,
proportions of correctly scored subtests were examined for the three test periods and
TEMA data was examined for the fall and spring administration periods. Scoring
accuracy was calculated by dividing the number of corrections by the total number of
subtests administered to arrive at a cumulative percentage, reflecting the rate of correct
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scores per test session. For the ENSI, fall, winter, and spring rates were 95%, 99%, and
98% respectively. Rates for the TEMA reflected 89% and 94% in the fall and spring.
Accuracy of the data file was checked with two proofreaders, in which the original data
from the test protocols was checked against the numbers entered into the data file.
The means and standard deviations of TEMA and ENSI scores for each test
administration are included in Table 3. These statistics as well as the range of scores were
examined for plausibility. Thus, brief inspection of score dispersion and growth in means
across sessions indicated no significant problems. Following inspection of descriptive
statistics, histograms, box and normality plots, distributed scores on the experimental and
criterion measures were converted to a z-distribution (M=0, SD=1) and a p = .001
criterion of 3.29 standard deviations (Tabachnick & Fidell, 2001) was used as the cutoff
for diagnosing outliers. No outlying TEMA scores were detected. Outlying scores were
detected in the ENSI subtests. In the fall, one outlier (z = 3.33) was detected in the OPF
distribution. Three were detected in the winter session in the COF, MQF, and RSF
subtests (z = 3.77, 4.77, and 4.05), and the spring COF and MQF subtests included one
each (z = 4.27, 3.29).
Following the identification of outliers, assumptions of normality were inspected by
examining descriptive statistics, skewness and kurtosis statistics, histograms, and
expected normal probability plots (p-p plots). Examining p-p plots, the expected and
obtained distribution of residuals clustered around a straight line, with minor departures
in most distributions. Criterion for diagnosing problems with skewness and kurtosis
included calculating z-scores by dividing skewness and kurtosis coefficients by their
estimated standard error. Standard scores over 1.96 were considered divergent from
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Table 3. Descriptive Statistics for Kindergarteners’ Fall, Winter, and Spring Performance
on ENSIs and TEMA
Fall
Winter
Spring
•

Measures

M

SD

M

SD

M

SD

Counting On
Number Recognition
Match Quantity
Ordinal Position
Relative Size

7.8
24.0
17.8
22.8
25.8

4.1
16.3
7.4
21.9
11.2

10.4
32.8
19.8
33.0
28.0

3.6
16.6
6.6
19.9
10.4

12.8
42.1
21.1
38.6

3.7
16.9
6.3
19.2

TEMA

93.4

13.0

-

-

-

102.8

-

12.4

Note. ENSI scores presented in raw score units. TEMA scores are presented in standard score format (M=100, SD=15)

normal. Fall and spring TEMA z-scores were .86 and -.12 respectively, indicating
insignificant departure from normality. Asymmetry in the form of negative skewness was
detected in 7 of 14 ENSI subtests; kurtosis estimates ranged from -1.44 to 1.39 indicating
relatively normal variance as represented by clustered scores.
In the fall, NRF and OPF subtests evidenced negative skew exceeding the
aforementioned criterion of z > 1.96. The OPF subtest departed from normality by 5.16
deviation units. Upon further inspection of central tendency statistics, it appeared that this
effect was likely accounted for by 15 cases (20% of the distribution) producing scores of
zero. Winter COF, MQF, and RSF subtests also were asymmetric, with the former two
producing departures of close to 6 standard deviations. Clustered scoring below the mean
of the two subtest distributions was again a likely culprit. In the spring, the MQF subtest
evidenced 30% of scores between 9 and 11 (M=21), tugging the distribution to 4.14
positively skewed deviation units. The COF and MQF subtests evidenced interseasonal
consistency in skewness. Despite these departures from normality, outliers were left in
the data set primarily because their high positive scores did not result in negatively
skewed distributions, which is what would be expected it the outlying score had its
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intended influence. Apriori adjustments were attempted and included pitching outlying
cases and substituting the seasonal subtest mean for outlying cases. Inserting mean scores
for outlying cases (N=6 of 961) resulted in the reduction of skew, normalizing 4 of 7
asymmetric distributions. However, neither solution produced demonstrably significant
effects on bivariate correlation coefficients.
Research Question 1: Reliability
Reliability analyses centered upon scores collected as a function of examiner and time.
Additionally, item responses on individual subtests were included for analyses of
intercorrelation between combinations of items. Results of test-retest reliability and
internal consistency are included in Table 4. Because the reliability of a test is a
prerequisite condition for validity, and also of critical import in educational decision
making and inferences about a test’s utility, criteria suggested by Salvia and Ysseldyke
(2004) were utilized for interpretation. Such criteria suggest that individual decisions are
facilitated through the use of reliability scores exceeding .90 and screening decisions
utilizing a standard of .80 and above. It is important to note that screening young children
typically involves resource allocation for group or classroom instructional purposes, and
does not typically include individual program change decisions.
Internal consistency estimates are reported as alpha coefficients, or a (20), utilizing
the Kuder-Richardson formula 20 procedure (Allen & Yen, 1979). Some confusion exists
regarding the use of alpha coefficients on speeded tests. Alpha coefficients are not
recommended if the speed of a test prevents students from attempting every task, thus
differentially affecting any given dichotomous answer (Allen & Yen, 1979, Linn &
Gronlund, 2000). Latency-type scores produced by ENSI procedures allowed students to
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Table 4. Test-Retest Reliability and Internal Consistency Coefficients for ENSI Subtests
across Sessions
Internal Consistencya
Test - Retestc
Subtestsb
COF
NRF
MQF
OPF
RSF

Mean Alphad

13 Weeks (N=20)

.80 (78)

.68
.98
.74
.81
.79

-

.53 (81)
.83 (77)
.65 (81)

a number of subjects in parentheses
b COF=Counting On, NRF=Number Recognition, MQF=Match Quantity, OPF=Ordinal Position, RSF=Relative Size
c' highest obtained coefficient
d' coefficient alpha ranges: COF, .75 - .85; MQF, .40 - .75; OPF, .80 - .85; RSF, .60 - .70

attempt every item, except in the NRF subtask. In the current analysis, subtests were
excluded in which students received a score of 0 correct on every item (due to the
discontinue rule). Test-retest coefficients utilizing Pearson product-moment bivariate
correlations were obtained over 13 weeks, from the winter to spring session. To obtain
the most reliable test-retest coefficients, the data were chosen with similar examiner student pairs across sessions, so as to minimize variation due to examiner.
Internal consistency estimates were high for the COF and OPF tasks (.80 and .83,
respectively). Lower internal reliabilities were evidenced for the MQF and RSF tasks (.53
and .65 respectively). Test-retest estimates evidenced similar results for ENSI subtests,
with .81 for OPF and .98 for NRF, which appeared to be the most reliable over time. The
RSF and MQF subtests evidenced less reliability, with coefficients just under .80. The
least reliable subtest over time appeared to be the COF task (.68). Using internal
consistency and test-retest coefficients as converging evidence, reliabilities were high for
the NRF and OPF subtests, with lower reliability over time evidenced on the COF
subtest. Lower reliabilities were also evidenced for the MQF and RSF subtests. The ENSI
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subtests of COF, NRF, and OPF can be seen as potentially useful in making screening
decisions, while the MQF and RSF tasks may be useful in what Salvia and Ysseldyke
(2004) term administrative or group decisions.
Concerning interexaminer consistency, scores were analyzed in terms of their
differential behavior as a function of examiner. Salvia and Ysseldyke (2004) recommend
computing correlation coefficients to examine reliability among scorers. However, due to
differences in numbers of scores, N, collected by some examiners (ranging from 4-28
per session), this was not seen as a viable option, as comparability likely suffers. While
not a full solution for this difficulty, one-way analysis of variance was conducted on
score X examiner dyads to examine differences in mean scores potentially related to
inconsistency across examiner. On the fall and spring TEMA subtest, no significant
differences across examiners were detected (F = .324, p < .05). However, slight
differences were detected (F = 5.884, p < .05; F = 8.127, p < .05) among means on fall
OPF and RSF subtests.
Simple contrasts detected differences between examiner 1 and 4 on the OPF subtest
and examiners 1 and 4 as well as 3 and 4 on the RSF subtest. Examining mean
differences using Cohen’s d, this contrast produced an effect size of 1.28. On the RSF
subtest, the effect size among means of examiner 1 and 4 was 1.09 and between
examiners 3 and 4, .92. Spring NRF also produced differences between examiners (F =
2.48, p < .05). Simple contrasts, however, indicated that these differences were between
examiners conducting 3 and 28 observations. Examining effect sizes for difference
between means may not be useful given differences in cell observations. No differences
were detected in winter ENSI subtests. While limitations to interpretation exist and are
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based on a 50% ratio of difference in observations per cell, these data are included to
tentatively address potential problems in consistent test administration procedures.
Random assignment of students to examiners may facilitate decisions about the adequacy
of the obtained F statistics. Low levels of difference may have been accounted for by
repeated training sessions intended to result in procedural integrity. Again, the small
number of observations on the part of some examiners indeed inhibits post-hoc
comparisons. These results should be taken convergently with test-retest and internal
consistency analyses.
Research Question 2: Concurrent and Predictive Validity
Given the current research interest in the concurrent - criterion relationship between
the ENSI subtests and more comprehensive measures of mathematics ability, bivariate
correlation statistics, with respect to scaling concerns, were used as primary indicators of
the degree of such association. The ENSI, TEMA, and teacher ratingss were concurrently
obtained in the fall and winter test sessions. During these sessions, teachers were asked to
rate students’ performance at three levels of mastery in the kindergarten curriculum (0 =
mastered none or few curriculum objectives; 1 = mastered some of the curricular
objectives, and 2 = mastered all or most of the curricular objectives). To examine the link
between the ENSI subtests and the TEMA, the bivariate Pearson product-moment
coefficient was utilized, displayed in Table 5. Strength of association between teacher
ratings and ENSI were examined using eta (rj) for cross tabulated nominal by interval
variable scales. Between group variance is divided by the total variation in scores,
summed, and the square root is taken to arrive at a level association between variables. A
popular “variance accounted for” measure of effect size is eta squared. The coefficient
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Table 5. Concurrent - Criterion Validity Correlations between ENSI, TEMA, and
Teacher Ratings of Curricular Mastery
Measures

1

Fall

(N=77)

1
2.
3.
4.
5.

COF
NRF
MQF
OPF
RSF

_

6.
7.

TEMA
TRNKa

.50
.68

.

.47
.36
.42
.30

2

3

4

5

6

7

.83

-

-

.49
.71
.43
.72
.89

-

.45
.25
.55
.70

-

.49

-

.63
.81

.38
.86

Spring (N=64)b
1
2.
3.
4.

COF
NRF
MQF
OPF

_

5.
6.

TEMA
TRNKa

.55
.70

.

.56
.35
.49

-

.37
.64
.64
.89

-

.38

-

.20
.66

.60
.79

_

.86

-

a cross-tabulated eta (rp statistic for nominal by interval scale
b RSF not administered in spring

represents the amount of variation accounted for in the dependent teacher ratings by
selected ENSI subtests. These results are also displayed in Table 5. Previous research
emphasizes the classification accuracy of teacher judgments when asked to rank learning
disabled students according to risk status; such findings suggest teachers are considered
accurate ‘tests’ of student abilities (Gresham & MacMillan, 1997).
Results indicate moderate to strong concurrent relationships between selected ENSI
subtests and criterion measures in both fall and spring testing sessions. Weak correlations
were demonstrated between the RSF and TEMA (r = .30) in the fall; the spring MQF and
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TEMA association was similarly poor (.20), indicating a coefficient of determination at
.04 (Allen & Yen, 1979). Using the TEMA as a criterion, the strongest indices of
concurrent validity was demonstrated for the NRF, OPF, and COF tasks, respectively. In
descending order, teacher rating criterion produced associative measures that were
similarly powerful for the NRF, OPF, and COF subtests, diverging from TEMA criterion
on the RSF subtest. TEMA and teacher rating data were also strongly related (.83, .86).
Predictive validity estimations utilized similar statistics, and were included to examine
the relationship between ENSIs as predictor subtests administered prior to criterion
measures. Results are included in Table 6. Using the TEMA as a criterion, the NRF
subtest demonstrated the strongest predictive coefficients for the fall and spring sessions.
Fall administration of the OPF subtest was correlated with spring performance on the
TEMA (.58), while the COF, RSF, and MQF tasks evidenced moderate predictive
correlations (.46, .45, and .41 respectively). Using teacher ratings as the dependent
criterion variable, fall performance on the NRF (.87) and OPF (.79) were strongly
associated with spring teacher ratings of curricular mastery. In the winter, student
performance again on NRF (.88) and OPF (.77) strongly predicted spring teacher ratings.
Research Question 3: Diagnostic Accuracy
Analyses of diagnostic accuracy were intended to examine the practical utility of cut
scores for decision making at the fall screening period. More specifically, analyses were
completed to evaluate ENSI subtests as useful in predicting mathematics ability. Federal
risk prevention, or “child find” procedures, and selections from the screening literature
stress the importance of using technically sound measures for screening and identification
either at or prior to kindergarten entry (Gredler, 1992; IDEA, 2004). Because TEMA
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Table 6. Predictive Validity Relationships between Fall and Winter ENSI Subtests and
Spring Criterion (N=64)

Fall

TEMA

Teacher Ratings of Curricular
Masterya

COF
NRF
MQF
OPF
RSF

.46
.70
.41
.58
.45

.57
.87
.72
.79
.70

COF
NRF
MQF
OPF
RSF

.62
.66
.47
.57
.47

.70
.88
.61
.77
.70

Winter

a- cross-tabulated eta (r|) statistic for nominal by interval scale

math ability scores were obtained in the fall, the decision utility of the fall ENSI subtests
for risk status at kindergarten entry was examined concurrently. Predictive indices
examining ENSI subtests and spring TEMA measures are included in the next section.
Based on selected cutting scores, measures of diagnostic accuracy examine binary
overlap between positive and negative experimental decisions and similar decisions on a
more accepted, or in some cases a more comprehensive, standard of practice (Swets,
1992). Positive decisions are those that detect a state of risk, for example. Standard
criteria represent the actual state, or “reality,” against which the accuracy of experimental
decisions is made. In the current research, cut scores below the 25th percentile on the
TEMA were used as a standard criterion for diagnosing risk status in mathematics.
The decision utility of the ENSIs was examined as a function of their binary
discriminating power between groups of students at-risk and not at-risk. Similarly, the
degree to which experimental cut scores minimize the false identification of students was
examined. Of critical importance was the number of false negatives, or students identified
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at-risk by the TEMA who are not identified by the ENSI subtests. Positive and negative
thus refer to the risk status; true and false refer to the overlap, or lack thereof, between
experimental and criterion measures. Because no standard cutoff score exists for the
ENSIs, Receiver-operating characteristic (ROC) curves were used to examine the
predictive structure of the ENSI subtests over a range of suggested cut points.
Such ROC curves plot the proportion of false to true positives (both ranging from 0 1) on a curvilinear graph. Graphs identifying curves with a larger proportional area under
the curve are more useful. Curves useful in identifying a subtest’s discriminating power
extend vertically from the X-Y intersect and level off horizontally as the top of the graph
approaches. Figure 3 represents the ROC curves for the ENSI measures. Inspection of the
ROC graph indicates that the NRF, OPF, MQF, and COF all appear to approach the top
left shoulder of the curve, with NRF and OPF tasks demonstrating higher levels of
diagnostic accuracy above the other two subtests, and thus likely to produce cut scores
maximizing prediction with lower numbers of false positives.
Diagnostic accuracy results for the fall screening period using cut-scores specified by
ROC analysis are displayed in Table 7. Swets (1992) indicates that indices of sensitivity
and 1-specificity of over .75 and .25, respectively, produce acceptable levels of
diagnostic accuracy. Sensitivity, specificity, and positive and negative predictive power
are included. Sensitivity represents the likelihood that the ENSIs will produce cut scores
corresponding to those below the 25th percentile on the TEMA, indicating low math
ability. Fall ENSI subtests produced adequate cutoff scores for use in decision making.
The COF task produced cutoff scores of 8 and 9 with adequate levels of sensitivity,
indicating high probabilities of producing scores corresponding to lower math ability
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Figure 3. ROC Curves for ENSI Measures Predicting Math Ability Composite (Fall)
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scores. However, specificity indices and PPP estimates suggest that these cutoffs come at
a risk of identifying an inordinate amount of false positives, thus taxing educational
resources at the outset. Similar results are noted for the RSF task. Inspecting Table 7
further, cutoff scores between 16 and 20 on the NRF task suggested adequate levels of
sensitivity and specificity. Similarly diagnostically useful was the OPF task, which
produced adequate cutoff scores in the range of 14-16. Following these tasks were the
MQF and RSF tasks, respectively, which indicated adequate levels of sensitivity, but
again at a tradeoff in false positives demonstrated through lower indices of specificity.
Sensitivity is useful in examining false negative rate, in that 1-sensitivity equals the
percentage of students with low math ability not identified by the ENSIs. Specificity
represents a similar likelihood that the ENSIs will produce corresponding scores above
the 25th percentile on the TEMA when results indicate adequate math ability. Specificity
is also useful in examining the rate of false positives, given that the remaining percentage
in the index (1-specificity) equals the students with adequate math ability identified by
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Table 7. Performance of ENSI Subtests administered in the Fall over a Range of Cut Scores
Using the Fall TEMA Math Ability Score as the Criterion
Cut Scores

Fall Math Ability

COF

SNS

SPC

PPP

NPP

CC

Base Rate

6
7
8
9

.58
.71
.75
.79

.83
.73
.48
.33

.67
.61
.46
.41

.77
.81
.76
.72

.73
.72
.58
.50

.38
.38
.38
.38

NRF

SNS

SPC

PPP

NPP

12
13
14
16
17.
19
20

.71
.71
.71
.75
.75
.79
.83

.93
.88
.83
.80
.77
.78
.75

.85
.77
.71
.69
.67
.68
.67

.84
.83
.83
.85
.84
.86
.88

.84
.81
.78
.78
.77
.78
.78

.38
.38
.38
.38
.38
.38
.38

MQF

SNS

SPC

PPP

NPP

CC

Base Rate

14
15
16
17
18

.42
.50
.75
.79
.79

.80
.70
.68
.65
.55

.56
.50
.58
.58
.51

.70
.70
.82
.84
.81

.66
.63
.70
.70
.64

.38
.38
.38
.38
.38

OPF

SNS

SPC

PPP

NPP

13
14
15
16

.71
.75
.83
.83

.75
.75
.70
.68

.63
.64
.63
.60

.81
.83
.88
.87

.73
.75
.75
.73

.38
.38
.38
.38

RSF

SNS

SPC

PPP

NPP

CC

Base Rate

22
23
24
25

.58
.67
.75
.83

.73
.70
.60
.55

.56
.57
.53
.53

.74
.78
.80
.85

.67
.69
.66
.66

.38
.38
.38
.38

CC

CC

Base Rate

Base Rate

Chance
.54
.52
.47
.45
Chance
.55
.54
.53
.52
.52
.52
.51
Chance
.55
.53
.50
.50
.48
Chance
.52
.52
.50
.50
Chance
.53
.52
.49
.48

Phi
.42
.42
.22
.13
Phi
.66
.59
.53
.54
.51
.55
.57
Phi
.23
.20
.41
.43
.33
Phi
.45
.49
.52
.49
Phi
.31
.36
.34
.38

Kappa
.42
.42
.20
.10
Kappa
.66
.59
.53
.54
.51
.55
.56
Kappa
.23
.20
.40
.41
.31
Kappa
.45
.48
.50
.47
Kappa
.31
.35
.32
.34

Note. SNS = sensitivity index. SPC = specificity index. PPP = positive predictive power. NPP = negative predictive

power. CC = correct classification. Chance = chance agreement.

the ENSIs as at-risk. Positive predictive power (PPP) examines the likelihood of low
mathematics ability given a score on the ENSIs below the cut point. Examining PPP, one
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can see that rates of originally identified false positives are factored into the final number
of true positives. High false positives thus affect a test’s predictive power. Lower cutoff
scores on the NRF task indicated higher levels of PPP, indicating that students below this
cut point are likely to have a mathematics problem. The subtests COF and OPF,
respectively, also indicated more elevated levels of PPP.
Negative predictive power (NPP) is the probability that adequate math ability can be
predicted given a score above the cutoff. Overall, ranges of cut scores on all ENSI
subtests appeared to have relatively high levels of NPP, indicating the usefulness of a
range of cutoff scores in “ruling out” mathematics problems given scores above
suggested cutoff points. Higher levels of NPP and sensitivity indicate low false negatives.
Thus, lower numbers of students with mathematics problems as identified by the TEMA
are missed by ENSI cutoff scores. In all diagnostic analyses, it is critical to consider the
tradeoff between misallocating educational resources (false positives) and the likelihood
of falsely identifying students who indeed need support. Using a criterion of the 25th
percentile on the TEMA likely accounted for this, as it is a more lenient standard than
using a standard deviation below the mean (e.g. standard score of 85) as a cut point.
Additionally, correct classification (CC; hit rates), base rates, chance agreement
(Chance), and phi and kappa coefficients are included in Table 7. Gredler (1992) and
Swets (1992) indicate that correct classification provides simple evidence of effectiveness
of a screening measure, and is also known as “hit rates.” With this, ranked effectiveness
of the ENSI subtests places NRF, OPF, and COF as more effective (ranges of 76 - 84%
correctly classified), with MQF and RSF subtests as less effective, in the range of 63 70% correct classifications. Respectively, phi and kappa coefficients are nonparametric
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and parametric estimates of the proportion of chance agreement in any set of correct
classifications, taking base rates of occurrence into account. Higher coefficients represent
the likelihood that the proportion of criterion-experimental binary groupings (represented
by ENSI cut scores) significantly exceeds chance agreement. Fall base rates were
relatively high (close to 40%); therefore higher sensitivity estimates are expected.
Additionally, correct classifications exceeding chance by larger margins produce
correspondingly larger phi and kappa coefficients. Examining Table 7, NRF, OPF, and
COF subtests accurately classified students above chance. As an additional criterion.
Table 8 provides diagnostic accuracy statistics using teacher ratings. This table is useful
for cross-referencing cutoff scores suggested by the TEMA criterion and evidences
moderate levels of overlap in cutoff points. Additionally, teacher ratings produced
similarly high levels of sensitivity and NPP.
Utility of the ROC Cut-Score
Predictive Indices
Using the recommended fall cutoff score from ROC curve fitting procedures, the
predictive utility of the ENSIs was examined in 26- and 13-week follow up analyses.
Using the ranges of cutoff scores in the fall risk status groups, diagnostic / predictive
accuracy statistics were calculated based on a 2 x 2 matrix plotting the original screening
decision (+/-) against subsequent performance on the criterion measures. Original fall
cutoff scores were again used to delineate risk in the winter sample, and as such, 13-week
predictive analyses were also undertaken. To examine the utility of a measure to predict
group status, Gredler (1992) suggests examining common diagnostic indices useful for
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Table 8. Performance of ENSI Subtests over a Range of Cut Scores Using the Fall Teacher
Curricular Mastery Rating as the Criterion
Cut Scores

Fall Teacher Mastery Rating

COF

SNS

SPC

PPP

NPP

CC

7
8
9

.65
.79
.82

.80
.60
.40

.79
.69
.61

.67
.72
.67

.72
.70
.63

NRF

SNS

SPC

PPP

NPP

CC

22
23
24
25
26

.76
.79
.82
.85
.88

.80
.80
.80
.73
.73

.81
.82
.82
.78
.79

.75
.77
.80
.81
.85

.78
.80
.81
.80
.81

.53
.53
.53
.53
.53

MQF

SNS

SPC

PPP

NPP

CC

Base Rate

17
18
19
20
21

.65
.71
.76
.79
.82

.63
.57
.53
.50
.47

.67
.65
.65
.64
.64

.61
.63
.67
.68
.70

.64
.64
.66
.66
.66

.53
.53
.53
.53
.53

OPF

SNS

SPC

PPP

NPP

CC

16
17
19
20
21

.76
.79
.79
.88
.88

.77
.77
.73
.73
.70

.79
.79
.77
.79
.77

RSF

SNS

SPC

PPP

23
24
25
26

.56
.64
.76
.79

.70
.60
.60
.57

.68
.65
.68
.68

Base Rate
.53
.53
.53
Base Rate

Base Rate

.74
.77
.76
.85
.84

.77
.78
.77
.81
.80

.53
.53
.53
.53
.53

NPP

CC

Base Rate

.58
.60
.69
.71

.63
.63
.69
.69

.53
.53
.53
.53

Chance

Phi

Kappa

.50
.51
.51

.45
.40
.25

.44
.40
.23

Chance

Phi

Kappa

.50
.50
.50
.50
.51

.56
.59
.62
.59
.63

.56
.59
.62
.59
.62

Phi

Kappa

.50
.50
.51
.51
.51

.28
.28
.31
.31
.31

.28
.27
.30
.30
.30

Chance

Phi

Kappa

.50
.50
.50
.51
.51

.53
.56
.53
.63
.60

.53
.56
.53
.62
.59

Phi

Kappa

.26
.25
.37
.37

.26
.25
.37
.37

Chance

Chance
.50
.50
.51
.51

Note. Original three-tiered teacher ratings converted into binary groups. Original ratings based on mastery of some
(rated as 1) or none (rated as 0) of the kindergarten curricular objectives combined into a positivity criterion score of 1.

prediction of subsequent group status such as (a) correct classifications, (b) sensitivity,
(c) specificity, (d) actual positive prediction, and (e) actual negative prediction.
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Actual positive prediction is similar to positive predictive power (PPP), except PPP is
typically derived concurrently and used diagnostically to examine potential prediction.
Actual positive prediction can be seen as the percentage of students identified as having a
problem who performed accordingly on a subsequent measure. To arrive at the actual
positive prediction, which looks at the probability of a disorder given a score, the
proportion of falsely identified positive tests on the earlier measure are partialed out of
the final percentages of true positive scores. Conversely, actual negative prediction is the
probability of being risk free, as a portion of the falsely identified negative tests is taken
from the final count of true negative tests. Sensitivity and specificity indices, in contrast,
are those that examine the probability of obtaining a positive or negative test given a
similar criterion score.
It is important to analyze early screening measures for changes in group status, given
developmental instability and rapid changes in the adjustment of young children to the
school environment. Table 9 displays Gredler (1992)’s predictive indices, depicted in
terms of percentages, while Figures 3 and 4 depict the classification accuracy of selected
cutoff scores in terms of students retaining status on criterion measures (TEMA risk
status and Teacher ratings of high risk). Inspecting Table 9, high percentages of NP are
immediately evident, indicating that students originally identified as not at-risk retained
this status over time. Selected subtests on the ENSIs thus adequately predict which
students are not likely to have mathematics problems. As an index of group stability,
taking numbers of false negatives into account, NP is an excellent index of how well
ENSI cutoff scores were able to facilitate retention of group status and stability.
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Table 9. Common Predictive Indices over a Range of Potentially Useful Cutoff Scores
Using Spring TEMA Math Ability as the Criterion
Cutoff

Fall

Winter

Spring

COF

SS SP PP NP CC

SS SP PP NP CC

SS SP PP NP CC

6
7
8
10
11

64
73
90
91
90

27
45
55
64
91

00
18
18
55
73

NRF

SS SP PP NP CC

SS SP PP NP CC

SS SP PP NP CC

12
16
19
20
21
30

54
73
73
82
82
91

27
55
55
55
55
82

00
09
27
36
36
64

MQF

SS SP PP NP CC

SS SP PP NP CC

SS SP PP NP CC

14
15
16
17
20

55
55
55
73
91

27
45
45
45
91

18
18
18
27
45

OPF

SS SP PP NP CC

13
15
16
17
20
22

64
91
100
100
100
100

85
75
66
32
25

81
70
64
64
60
45

85
77
66
57
43

72
66
60
58
55
47

47
38
36
22
20

38
33
30
32
30
26

43
33
25
26
25

32
36
34
33
31
28

92
93
97
94
93

90
93
92
94
94
96

90
89
88
91
96

90
97
100
100
100
100

81
75
70
42
36

77
70
66
67
48
53

80
73
64
59
52

70
70
67
67
63
56

96
92
88
70
60

96
86
85
83
77
60

87
81
75
72
57

60
56
50
30
32

60
46
43
40
33
30

30
33
28
25
30

86
89
90
90
97

86
90
90
90
89
94

85
88
87
86
97

84
84
83
69
66

84
81
80
78
73
64

77
75
70
67
63

SS SP PP NP CC
73
73
73
73
73
73

96
94
94
92
81
79

80
73
73
67
44
42

94
94
94
94
93
93

92
91
91
89
80
78

RSF

SS SP PP NP CC

SS SP PP NP CC

22
23
24
25

64
64
73
91

55
64
91
91

70
66
62
55

30
28
29
29

90
89
92
97

69
66
64
61

81
79
74
72

38
39
42
40

90
91
98
97

98
98
96
89
79

98
98
92
92
92
81

89
87
81
74
57

00
67
50
50
42

00
50
43
50
50
41

25
22
17
18
18

83
85
85
90
93

83
84
86
88
88
92

84
84
83
83
83

81
84
83
83
78

81
83
81
83
83
78

77
75
70
66
55

SS SP PP NP CC
55
64
64
64
73
82

94
91
91
91
91
89

67
58
58
59
62
60

91
92
92
92
94
96

88
86
86
86
88
88

SS SP PP NP CC

77
77
77
75

Note. Predictive power values for the fall and winter benchmark periods are estimates of group stability (i.e. numbers
of originally identified students retaining risk / no risk status). All numbers represent percentages. Spring indices are
concurrent diagnostic accuracy statistics. SS = sensitivity index. SP = specificity index. PP = positive predictive power.
NP = negative predictive power. CC = classified correct.
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However, inherent in binary diagnostics, tradeoffs in false identification as well as
lower numbers of retention in at-risk groupings are evident. On the OPF and NRF tasks,
cutoff scores above 20 appeared to accurately discriminate risk status with low numbers
of false negatives and a high degree of group stability. Such cutting scores were less
useful in identifying which students retained at-risk status over time. Additionally, the
overall effectiveness of these cutting scores were not corroborated in the CC index. As
such, although NP numbers were high, taking problems with retention of risk status into
account, correct classification overall was low. Examining correct classification columns
(CC), only few cutoff scores at lower ranges accurately predicted balanced groupings.
Cut points of 6 on the COF task, 12 on the NRF task, and 14 on the MQF task evidenced
higher numbers of students retaining at-risk status over time. Figures 4 and 5 depict the
ROC curves at fall and winter points, and indicate generally adequate levels of diagnostic
accuracy.
Low PP indices corroborate that ENSI subtests, over the range of cut points in Table
9, were less than adequate in predicting actual mathematics problems based on selected
cutoff scores. Figures 6 and 7, using two separate predictive criteria, indicate that
correctly classified (true positive and negative) status groupings were stable among
subtests over time. However, from a previous examination of predictive indices, higher
levels of students retained status in low-risk groups rather than high-risk. Thus, ENSI
subtests, while producing adequate evidence of stability over time, were indeed stable
because the selected cut points may have been too high to adequately identify high-risk
status. For example, teacher high-risk ratings (ratings of “mastered none or few
kindergarten curricular objectives”) resulted in very few children in this category. High

136

Figure 4. ROC Curves for Fall ENSI Measures Predicting Spring Math Ability
Composite
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Figure 5. ROC Curves of Winter ENSI Measures Predicting Spring Math Ability
Composite
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ENSI cut points may have also resulted in few children in a higher risk category. Figures
6 and 7 are general estimates of correct predictive classification and may simply suggest
that the selected fall cutoff points may need calibration in order to better predict math
ability outcomes. Bear in mind that both higher and lower cutoff points, if adjusted to
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Figure 6. Percentage of Correctly Classified Students Retaining Group Status across
Benchmark Period Using TEMA as Criterion

Figure 7. Percentage of Correctly Classified Students Retaining Group Status across
Benchmark Periods Using High Risk Teacher Ratings as Criterion

extreme levels, would produce 100% correct classifications of risk or low risk. Thus,
finding a balance over a range of cutoff points is critical.
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Developmental Sensitivity
The usefulness of a curriculum-based measure hinges upon its ability to index change
over time. Additionally, it is important for a measure to be able to do so in quantifiable
ways (Clarke & Shinn, 2004; Marston, 1989; Shinn, 1989). Figure 8 depicts the growth in
mean scores on the ENSI subtests. As noted, each subtest appears sensitive to student
growth over the course of a school year, especially the NRF and OPF tasks. However,
three remaining tasks do not appear to demonstrate that changes in scores may be
quantifiable in whole raw score units. For example, over a 13-week period, the NRF task
indexes change in approximately .84 raw score units. Conversely, the COF task indexes
change at approximately .20 raw score units. Consequently, growth increments are small
and not likely to be indexed well over time using raw score units (Fuchs, Fuchs, Walz, &
Germann, 1993). Figure 9 depicts changes in score distributions between a sensitive
measure (OPF) and a non-sensitive measure (COF) across benchmark sessions.
Inspecting these histograms, the OPF measure appears to index shifts in the distribution
of scores over time, while the COF measure facilitates the clustering of scores in a
leptokurtic distribution with little movement over time. Examining intra-individual
change may provide different results, however, mean growth (Figure 8) provides a
generally useful index. The NRF and OPF tasks, however, show promise for potential use
in progress monitoring.
Using Fall ENSI cutoff scores through which ROC analysis indicated adequate levels
of predictive power, sensitivity, and specificity. Figures 10 and 11 depict the ability of
these cut points to index change in risk status over time, which is developmentally related
to instructional effects. However, the figures are useful complements to predictive indices
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Figure 8. Growth in Mean Scores of ENSI Subtests across Benchmark Periods

Figure 9. Histograms Depicting Comparative Movement in Mean Scores in a Sensitive
versus Non-Sensitive Measure
Ordinal Position Fluency (Sensitive Measure)
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in that the reduction in predictive power of cut scores for at-risk status in tangible when,
for example, large numbers of children originally identified as at-risk shrink considerably
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using a cutoff score of 12 on the NRF task. The cut point groupings, while not optimal in
identifying stability in risk status, allow an examination of change in risk status over
time. In the OPF task, however, the cutoff point of 15 indexed excellent stability between
the winter and spring periods. Inspection of the charts indicates that selected ENSI cutoff
scores indexed lower amounts of risk between benchmark periods, over which student
learning and mathematical development likely occurred. Using lower cutoff scores may
provide better indices of sensitivity over time.
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% Students At-Risk

Figure 10. Students Changing At-Risk Status Using Optimal Fall ENSI Cut-Scores
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*ure 11. Sensitivity of ENSI Cutoff Scores for Detecting Risk Status over Time
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CHAPTER 5
DISCUSSION
Chapter Introduction
Hypotheses regarding the reliability, validity, and diagnostic accuracy of the ENSI
subtests were generally supported. Selected subtests of the Early Numeracy Skill
Indicators (ENSIs) also demonstrate promising utility for educational decision making.
Relating to the reliability and generalizability of the current results, the sample size of the
current study (N=77, fall; N=64 spring) is concerning, and discussed further in sections
regarding methodological limitations. In this light, supported hypotheses and resulting
conclusions are tentative pending further investigation. Findings establishing reliability
and validity with higher participation numbers are more useful, given the idea that the
degree of proportional overlap between experimental and criterion measures is relative,
not absolute (Cohen, 1988).
Overall, results establishing strong components of ENSI subtest development can be
considered a preliminary field test. Despite limitations, numerous and potentially useful
future directions emerge from the current research. To illustrate, subtests with high
indices of reliability, validity, and diagnostic accuracy are recommended for inclusion in
replication studies and those investigating the use of alternate forms. Content analysis,
field testing, and item analysis is recommended for subtests with dubious technical
adequacy and diagnostic accuracy. The following sections propose conclusions relating
to the problem under investigation.
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Relationship between the ENSIs and TEMA
Primarily, this research sought to examine the relationship between the experimental
ENSI measures and the Test of Early Mathematics Ability (TEMA-3), which is a well
researched and more comprehensive measure of mathematics ability. The chosen design
was thus correlational in nature. Reliability analyses, as necessary prerequisites to
exploration of criterion and predictive validity, indicated that the NRF and OPF tasks
were stable internally and across time. The NRF task is similar to Clarke and Shinn
(2004)’s Number Identification (NI) measure, which demonstrated powerful stability
over time, in alternate forms, and across examiners. The COF task demonstrated internal
stability but did not produce stable scores over time. One plausible explanation for this
may have been that no counterbalancing or randomizing of subtest order occurred in the
fall and each student was administered the subtests in order, in which COF was the first.
Given that this was the first test administered by the examiners and encountered by
students, it is plausible to suggest that obtained COF scores underestimated student
performance and resulted in variation (SD units were indeed higher in the fall session on
the COF task). Thus, only one of two test-retest coefficients was deemed useful.
However, each of these measures can potentially contribute to resource allocation
decisions that do not affect program placement, and that use confirmatory measures to
examine the extent of mathematics difficulty.
The subtests of MQF and RSF were internally unstable and inconsistent over time.
Examining item structure of the MQF task, the links between early standards and the task
of identifying numerals based on collections of sets was inconsistent. For example, items
on the MQF task included sets of objects ranging from 2-6, excluding one item depicting
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a set of 8 chairs, in which almost all students either guessed or received wrong answers.
This may be explained by the momentum built into answering 4-5 relatively simple
questions and then encountering a cluttered set of objects; skipping the item or guessing
allows for a quick response as obtained in previous items. In addition, most if not all
students received correct answers on items depicting three dogs and three fans. Early
mathematics standards delineate steps in numeral identification between 1 and 4 and then
5 through 9, given that operation with one through four items is cognitively automatic
and known as “subitizing” (Clements et al., 2004). Additionally, the MQF task lacked the
feature of production-type responses necessary for instructionally useful tasks (Marston,
1989), including only selection responses.
Similar internal consistency problems arise in the RSF task, in which relatively simple
size discrimination questions (which is longer, the banana or the fork?) were combined
with numeral identification directions (point to the biggest number in the square).
Alternating demand type (question versus command) may have differentially affected
student performance. Interestingly, in personal communication, Clements (2004) also
indicated that the tasks involving pictures and size discrimination are easily performed by
3-year olds, and those asking to discriminate numeral size may be slightly more
challenging and appropriate for older children, given a delineation between pre-numeric
and numeric stages (Baroody, 2004) and language considerations. Numeric
discrimination is similar to Clarke and Shinn (2004)’s task of quantity discrimination
(QD), which was administered to first grade students. Thus the developmental level of
task by age must be more closely considered in item construction.
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Validity
Strong concurrent and predictive relationships were evidenced between the TEMA
and the NRF, OPF, and COF tasks, in descending order. Predictive coefficients for the
ENSI measures of MQF and RSF were weak (in the .40 range) when related to TEMA
outcomes. The NRF, OPF, and COF tasks primarily, yet along with the remaining ENSI
battery, were strongly related to teacher ratings both concurrently and when correlated to
year-end math outcomes. These strong relationships provide evidence that selected ENSI
subtests measure aspects of early mathematics ability. When examined more closely,
numerous findings can be inferred from the relationship patterns between the ENSIs,
TEMA, and teacher ratings. First, teacher ratings correlated strongly with TEMA scores.
This and other sources (Gresham & MacMillan, 1997) confirm the strength of teacher
ratings as a reliable criterion for student risk status.
Beyond establishing three subtests (NRF, OPF, and COF) as potentially useful,
interesting relationship patterns between criterion and ENSI subtests found to be less
reliable and valid were discovered. First, concurrent teacher ratings of curricular mastery
were strongest for the RSF task in the fall, and diverged considerably from the TEMA
correlations with the RSF task. Three plausible explanations are offered. First, this
pattern may indicate problems in the perception of what is important to teach
kindergarten students, assuming the RSF task measures simple aspects of visual size
discrimination. If this is the case, the RSF task has the potential to “warn” of curricular
alignment, although not developed for that purpose, per se. However, because the RSF
task concurrently included aspects of quantity discrimination using numerals (Clarke &
Shinn, 2004), an alternate explanation is that teachers indeed believe numeric quantity
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discrimination is related to mastery of curricular objectives. Until the RSF task is made to
be internally consistent, it will be difficult to settle this question. The third explanation is
that fall teacher rankings may have been lenient, in that “no mastery” of curricular
objectives may be a decision better suited for the end of the year. Thus, lenient ratings
may have corresponded to a relatively easy to complete subtest, accounting for the strong
ratings. Nonetheless, some aspect of the RSF task relates to teacher ratings of curricular
mastery and may resonate with teachers. Consequently, the RSF task warrants further
development.
The second less reliable and valid subtest, MQF, evidenced a significant drop in the
concurrent validity coefficient from relatively strong in the fall to one of less import in
the spring (.55 to .20), as related to the TEMA. Numerous explanations can be offered.
First, and most obvious, may be the effects of attrition, in that thirteen subjects were lost
from the fall to spring period. Because little is known about the nature of these scores, it
is unclear if any of the following explanations are plausible. However, because
significant drops in other coefficients were not concurrently evidenced, other conclusions
may indeed merit explanation. First, it appears that the MQF task measures a child’s
ability to enumerate, or count sets, and to understand a written numeric representation of
sets.
Two previous studies, however, included a different format for set representation
(simple black dots), whereas the MQF included potentially distracting pictorial features
(Ginsburg & Baroody, 2003; VanDerHeyden et al., 2001). With this, examining the
content on the TEMA, items closer to the ages of 3, 4, and 5 related to set representation.
As the spring approached, many of the students began at higher TEMA start points.
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Therefore, the MQF may be less relevant to kindergarten tasks and measure skills
developing earlier, which may no longer be relevant as kindergarten progresses.
VanDerHeyden et al. (2001) were better able to operationalize tasks similar to MQF
and found higher validity coefficients for kindergarten students using a task called circle
number (CN). In this study, the child was presented with a larger representative sample of
sets, randomly varying from 1-10, and asked to circle the number best related to the set.
A highly tentative analogy to early literacy skill may be that a child is beginning to
understand that symbols meaningfully relate to concepts, as depicted by tasks measuring
sound-symbol linkages known as the alphabetic principle.
With this, a question warranting exploration is whether children progressing toward
numeric understanding and the understanding of written numerals must similarly “crack a
code,” as children do when linking phonological understanding (meaning) to symbols or
letters. Due to the cardinality principle and the assumption that object enumeration is
inherent in linking number words to sets, it appears as if a similar conceptual meaning
may be inherent in the knowledge of a number, thus making it more plausible that the
MQF and CN tasks may be useful as a general outcome measure for early counting and
simple enumeration (Baroody, 2004; Baroody et al., 1983; National Research Council,

2001).
Based on validity coefficients, tentative explanations may be offered for the order of
subtests in the ENSIs to be corroborated by predictive and decision accuracy evidence
later in this chapter. Additionally, inspecting histograms and growth in mean scores may
suggest that RSF, if related to visual perception of size, may develop first, followed by
the MQF task. Both tasks appeared to evidence ceiling effects, in that scores were
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continually clustered at higher ranges across the three measurement periods, and were the
only two to evidence less positively skewed distributions at the fall testing period.
Further, little growth in mean scores was evident over time; among various explanations,
this may suggest that students hit a ceiling or the subtests did not allow representative
samples of the behavior of concern. Prior to the exploration of subtest or behavior order
as operationalized by the ENSI subtests, it is critical to base such explanations on reliable
and valid obtained scores rather than anomalies in research findings.
Diagnostic Accuracy
Fundamental assumptions of binary diagnostics are important to consider prior to the
discussion of the ENSI results. First, keeping with Swets (1992), any decision lies along a
continuum of confidence where tradeoffs occur relating to the accurate and inaccurate
identification of persons with or without problems. Second, relevant screening and
decision making literature in early childhood assessment suggests that missing children
with actual problems is a primary concern; this issue appears to be prominent at earlier
levels given the instability in student behavior (Gredler, 1992; Ysseldyke et al., 1997).
More importantly, this literature recognizes the impact of misclassification and many
references to screening decisions identify the need for more comprehensive testing when
warranted (American Educational Research Association, 1999).
A final concern is that great disagreement occurs regarding what behaviors place a
student at or not at risk. (Gredler, 1992; National Education Goals Panel, 1998; Salvia &
Ysseldyke, 2003), thus the use of data-based measures with evidence of technical
adequacy and cut score accuracy is a proxy improvement over current educational
practices, which are often ruled by prevailing wisdom, dogma, and opinion rather than
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data (Ysseldyke, 2001). Each of these concerns relate directly to how resources are
typically allocated in schools. Relating to the ENSIs, while selecting moderate cutting
scores may lead to higher true and lower false classifications, this notion of a moderate
tradeoff is less preferred in developing screening measures.
Similar to diagnostic research (Swets, 1988) in medicine relating to cancer prevention
and AIDS research, detecting early risk status in academics can be similarly important,
especially for children with many risk factors (Hart & Risley, 1995). Selecting a
relatively liberal cutoff score on the TEMA, scores at or below the 25th percentile,
produced higher numbers of children who were later identified to be not at-risk. This
resulted in higher base rates of mathematics problems in the population. Under these
conditions, Swets (1992) suggests using a lenient criterion leading to many positive
diagnostic decisions, so as to maximize positive diagnoses.
Setting a relatively lenient criterion for risk status was based on the rationale that the
ENSIs should demonstrate usefulness in identifying students with special attention to
false negative classification, in that failure to react to potentially threatening factors is of
great concern in the lives of young children, especially those at risk. Setting the TEMA
criterion higher was and experimental tactic to mimic the occurrence of high base rates.
Although he is referring to cutoff scores on a diagnostic measure, Swets (1992) refers to a
lenient criterion as the “fail safe approach.” If many children are flagged, signifying need
for attention, it is often up to the school staff to indicate what type of resources to
allocate, given that allocating instructional resources to children identified at risk who
later performed adequately at the criterion can be costly. Along these lines, it was
hypothesized that the ENSIs would (a) produce potentially useful cutoff scores that
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accurately discriminate and identify students at-risk and not at-risk for later failure, and
(b) minimize the false identification of students, especially those who ENSIs fail to
identify yet evidence later mathematics problems.
Over a range of fall cutoff scores suggested through ROC analyses, the NRF and OPF
tasks were more diagnostically useful than the others. According to Macmann and
Barnett (1999), decision accuracy depends considerably on reliable measures. The closest
balance in sensitivity and specificity occurred in the three measures with more evidence
of reliability and validity (COF, NRF, and OPF). Interestingly, the order in which the
subtests were deemed most useful corresponded to reliability and validity evidence.
While the other tasks evidenced high degrees of potential usefulness in cutting scores,
these came with a likelihood of producing significant numbers of false positives. To
correct for this (beyond redesigning these measures to evidence better reliability and
validity), less reliable subtests may be useful for ruling out early problems through setting
higher cutoff scores, thus maximizing the likelihood of actually predicting low risk status.
In follow-up predictive analyses, this indeed appeared to be the case. At higher cutoff
scores, less reliable and valid subtests accurately identified those students who did not
develop subsequent mathematics problems.
When setting exceedingly high and low cutoff values, there is a potential loss in
overall usefulness of the test in either direction. If unchecked, setting low cutoff values
leading to high numbers of positive identifications can lead to relative absurdity (those
students who score above zero are likely to develop problems) as is the case for
conversely high cutoff scores (those who score over one hundred thousand digits per
minute are less likely to be at risk). Therefore, on such measures as COF, MQF, and RSF,
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setting lower cutoff values for identifying risk status may not be prudent, in keeping with
the fail-safe model. Examining the follow up analyses closer for the actual predictive
values, it was clear to see that ranges of fall and winter cutoff scores resulted in high
percentages of diagnostically negative children who later performed well.
Suggested cutoff scores, depicted in chapter 4 figures picked up efficiency as the
winter approached, and thus evidenced more stability in positive risk status. Overall, the
diagnostic accuracy results corroborate general common sense in educational decision
making: (a) utilize reliable measures, (b) set strict cutting scores earlier in the year so as
to maximize risk detection and (c) let such cutoffs change over time according to the
probability of detecting similar levels of risk in later benchmark periods. For example, an
OPF cutoff of 15 detected a higher amount of actual risk status at the beginning of the
year, and unless the cutting score is adjusted, will become less efficient at detecting risk
status over time (as evident in Figure 10 in chapter 4). Thus, looking only at one cutting
score over the fall, winter, and spring limited the utility of examining combinations of
scores for multiple levels of proposed risk. Hypotheses that the ENSIs will produce cutoff
scores that balance true and false identifications were generally supported. In addition, all
ENSI subtests identified more students as low-risk proportionally, likely as a result of
higher base rates and the need to set relatively lenient criteria based on the need for the
ENSIs to develop detection accuracy.
The “luxury” of detecting true positives and minimizing false positives was reserved
for subtests demonstrating higher ranges in scores and better reliability and validity. For
subtests with restricted range, this limited the options of scaling cutoff scores in either
direction. For example, cutoff scores above 8 on the COF task discriminated low-risk
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students well. Moving downwards and thus making the COF task more useful in
detecting true positives and minimizing false negatives approached the “absurdity”
criterion mentioned earlier. However, selected ENSI subtests demonstrating broad ranges
in growth such as the RSF, OPF and NRF tasks can be considered more diagnostically
useful when detecting both risk and low-risk status as screening measures.
Implications for School Psychology Practice and Research
The development of early numeracy assessment measures useful in educational
decision making contribute in specific ways to the promotion of skill enhancement in
mathematics. Additionally, these measures promote scientific considerations related to a
more thorough understanding of the early numeracy construct in the context of school
psychological practice, a notion attracting more attention as of late (Clarke & Shinn,
2004; VanDerHeyden et al., 2001). Apart from working toward an operational definition
of early numeracy, ENSI measures can help promote mathematics achievement, early
intervention and prevention of mathematics problems, and accuracy in decision making,
critical components of school psychological practice. Further contributions to the
technology of teaching and learning in terms of intervention linked to assessment in early
math are related considerations.
As a result of the current study, the construct of early numeracy has been vicariously
examined and thus provides an essential foundation for discussing further implications.
Indeed, when connections are forged between research methodologies, related theory,
and communities of practice, constructs can be approached (Shadish et al., 2002).
Scientifically, this notion is indefensible at this stage, given the purpose of the current
research. However, examining prototypical features of early mathematics, contributions
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to operationalizing what is meant by early numeracy is similarly approached. General
bivariate correlations suggest overlap between TEMA domains and ENSI subtests,
suggesting the measurement of a similar construct. ENSI measurement tasks were
conceived within a community of practice, through feedback from teachers identified as
mathematically knowledgeable. In developing the ideas for the measures, early
frameworks and mathematics standards were similarly consulted for purposes of
reliability (Baroody, 2004; Clements, 2004; National Council of Teachers of
Mathematics, 2000; National Research Council, 1993, 2001). Early mathematics
programs based on over 30 years of synthesized and robust cognitive research were used
to develop directions and task outlines (Aubrey, 2001; Campbell, 1999; Gersten & Chard,
1999; Griffin et al., 1994; Resnick, 1989; Seo & Ginsburg, 2004; Starkey, 1992; Van Luit
& Schopman, 2000) and numerous sources were referenced for semantic and practical
definitions of early numeracy (Brinkworth, 1985; D'Mello & Willemsen, 1969;
Maclellan, 2001; Parsons & Bynner, 1997; Scott, 1999; Starkey, 1992; VanDerHeyden et
al., 2001).
Operational definitions require explanation of the person, behavior, and criterion
under consideration and early numeracy tasks drawn from pertinent theory were thus
operationalized and defined and thus add to construct development using previously
stated criteria. Using the OPF task, for example, students with early numeracy would,
when prompted to name objects in order, produce correct answers at some level of speed,
creating a combination for fluent academic skill performance (Daly El et al., 2000;
Haring et al., 1978). In younger students, many abilities, aptitudes, and skills are
concurrently developing; behavioral assessment thus provides a means through which to
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assess this development. While social validity was not specifically assessed so as to
examine the perceived contribution of the research on the school community, students
developed mathematical skills as evidenced through numerous sources over the course of
the study. Additionally, the benchmark periods and concomitant ratings prompted
teachers to attend to students’ mathematical needs.
Above and beyond these aspects, ENSI development, which is within the realm of
curriculum-based assessment, demonstrate numerous aspects of decision making utility.
This idea is further discussed in the following section. Developmental aspects of ENSI
subtests approach the construct of early numeracy in critical ways. However,
comprehensive construct validation is beyond the scope of the current research. Within
reach, however, is the notion that assessment tasks facilitating direct observation of
academic behavior over time can promote academic achievement. ENSI tasks
demonstrating technical adequacy are more useful in this light. Data-based decision
making requires useful and valid assessment tools like the ENSI subtests of COF, NRF,
and OPF. Although alternate ENSI forms were not developed in the current study,
positive technical aspects of selected subtests allow for exploration of this research
proposition and provide an essential foundation upon which to develop alternate forms. A
major contribution of curriculum-based assessment is its relevance to instructional
planning through sampling from curricular and instructional domains. Experimental
ENSI subtests were drawn directly from a school curriculum aligned with state and
national standards.
On a more comprehensive level of analysis, the ENSI subtests can potentially
contribute to technological advances in teaching and learning, based within a learning
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hierarchy that focuses on skill acquisition and fluency as fundamental prerequisites for
proficiency and higher learning (Clarke & Shinn, 2004; Daly et al., 2000; Haring et al.,
1978). Similar advances have been noted in the field of early literacy assessment (Good
et al., 2001; Kaminski & Good, 1996) and although mathematics is more variegated and
complex, targeted early skill assessment in mathematics is necessary and has been called
for by instructional leaders and educational organizations (Bredekamp, 2004; Clements,
2004; Joram, Resnick, & Gabriele, 1995; National Council of Teachers of Mathematics,
2000; National Education Goals Panel, 1998; National Research Council, 2001; Office
for Standards in Education, 2002). If, indeed, connections so glaringly evident in early
reading can be made between early and later skill development in mathematics, the
contribution to preventing mathematics failure by early screening, identification and
potential progress monitoring has far-reaching implications (Hart & Risley, 1995;
National Assessment of Educational Progress, 2003; Parsons & Bynner, 1997; Stanovich,
1986). Among such implication is the promotion of national growth (Riley, 1997),
expanding the capacity of public schools to become grounds for training scientifically
and technically literate citizens (Steen, 1987), and contributing to the professionalism of
American education (National Research Council, 1989, 2001).
Extending the research base in mathematics assessment and examining aspects of
early mathematical skill has been called for by leaders in the field of curriculum-based
measurement and special education decision making (Clarke & Shinn, 2004;
VanDerHeyden et al., 2001; Ysseldyke, 2001). Numerous intervention studies in early
mathematics have been undertaken (Fueyo & Bushell, 1998; Gersten & Chard, 1999;
Griffin et al., 1994; Kroesbergen & Van Luit, 2003; Van Luit & Schopman, 2000)
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utilizing unwieldy pre-post assessment designs to examine the aggregate growth of
students. Such testing practices have unclear links to curricular and instructional practices
within a school building, the arena for change and improvement (Schmoker, 1999).
Clarifying these links are common practices in promoting assessment linked to
intervention and prevention-based practices focusing on operationalization of student
achievement and clear explication of goals, benchmarks, and learning activities
(Ysseldyke, 2001). Reflecting on a 25-year research career, Ysseldyke (2001) suggests
that promoting clarity and agreement in assessment practices is fundamental to the
primary purpose of educational assessment, which is to inform instruction and lead
directly to positive student outcomes. ENSI measures drawn from the curriculum have
the potential to define mathematics competency for those interested in promoting the
achievement of young children. Confusion is less likely to occur when teachers interested
in knowing if a student mastered the curriculum objective relating to “naming ordinal
numbers to five” use a direct measurement task like the OPF subtest.
Do the ENSIs Address the Problem?
The Early Numeracy Skill Indicators (ENSIs) developed in the current study
evidenced sound technical properties and decision accuracy, especially the NRF, OPF,
and COF tasks, with consideration for future development given to the RSF task based on
strong concurrent relationships with teacher ratings. Furthermore, the ENSIs evidenced
links to curriculum and instruction, given their development from kindergarten
curriculum standards and frameworks (Baroody, 2004; Clements, 2004; National Council
of Teachers of Mathematics, 2000). Curriculum based assessment in early mathematics is
an emerging paradigm and to date, few well researched measurement tasks are available
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that promote effective instruction and skill enhancement in kindergarten (Clarke & Shinn,
2004; VanDerHeyden et al., 2001). Developing the ENSIs was the primary avenue
through which to address this problem. Regarding this paradigm, early mathematics
assessment tasks for kindergarten students have thus been expanded and can include
Number Recognition Fluency (NRF) and Ordinal Position Fluency (OPF), two subtests
with strong reliability, validity, and decision components.
Among educational specialists, school psychologists are expected to possess expertise
in assessment and be able to interpret findings so as to enhance student outcomes
(Ysseldyke et al., 1997). School psychologists are thus primary consumers of this
emerging technology. The ENSIs are a set of measurement tests that can demonstrate
usefulness to school psychologists interested in identifying students at risk for
mathematics problems. Further, curriculum-based measures (CBM), according to
Marston (1989), Ysseldyke (2001), and Shinn (1995) are useful in an educational
decision-making model, and extending from Deno (1989), assist in promoting
achievement in students at risk for educational failure, especially those receiving special
education services.
Curriculum-based assessment and formative assessment have gained national attention
due to the recommendation for the use of such measurement models in the federal No
Child Left Behind (NCLB) Act and the Individuals with Disabilities Education Act
(IDEA, 2004). Such federal acts stress the need for early screening and prevention;
federal resource allocation is justified at levels of early need. These acts promote sound
educational practices through recognizing the critical need for early assessment and
accurate decisions. Generally, selected ENSI subtests evidenced sound features necessary
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for screening measures, focusing in the area of accurate identification of students who
later retained risk status. While ENSI subtests evidenced high numbers of false positive
identifications, the relative cost in terms of falsely identifying students who indeed
evidenced mathematics problems was powerfully low. Negative predictive indices, both
predicted and actual, were high. Although this related to more liberal cutoff criterion
chosen, the ENSIs still minimized the false identification of students, especially false
negatives, supporting decision accuracy hypotheses. Initial ROC analyses proposed a
range of cutoff scores that, if calibrated, can better balance false negative and positive
decisions.
Selected ENSI subtests also evidence contributions to a prevention-based screening
and formative assessment paradigm. Prevention relies upon screening-type decisions, or
those Salvia and Yssledyke (2004) term prereferral classroom decisions. Screening
devices like the ENSIs used to identify children at-risk and facilitate further assessment
are critical to extending this paradigm. Power (2002) suggests that prevention is based on
removing roadblocks to achievement and allocating instructional resources as a function
of assessment activities, and names curriculum-based assessment as a primary avenue
through which to examine intervention efficacy. Technological improvements in decision
making tools are essentially dependent upon a paradigm of curriculum-based
measurement (Daly et al., 2000). Monumental educational changes in the provision of
services to children at-risk and those receiving special education services are pending due
to looming implications brought about by changes to eligibility consideration in federal
law (IDEA, 2004). Such changes re-emphasize early intervention and prevention,
screening, and ongoing curriculum-based assessment useful for examining instructional
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responsiveness. Decisions to allocate instructional resources can be facilitated through
using ENSI subtests for screening purposes.
Finally, clear links between the ENSIs and useful features of CBM are evident. The
paradigm of CBM is based on over 30 years of sound research and provides an important
frame of reference for this discussion (Deno, 1989; Deno et al., 2001; Shinn, 1989, 1995).
More critical than simply detecting shared features, however, is promoting accuracy and
agreement in decision making (Ysseldyke, 2001). While features of CBM establish this
assessment paradigm as educationally useful, it is important not to lose sight of the
overarching context of accurate educational decision making. Ysseldyke (2001) indicates
that educational decisions are complex and extensive, but emanate from the need to
identify students who are in need of effective instruction.
Diagnostic considerations in detecting achievement problems are universally shared
psychological concerns applied to the process of teaching and learning. Essential to CBM
are features of (a) technical adequacy, (b) direct measurement of performance in relation
to curricular objectives, (c) efficiency of repeated measurement, and (d) the focus on
basic skill domains. ENSI subtests demonstrate reliability, validity, and decision
accuracy, as well as utilize production-type responses through direct observation of
student performance. Due to the ease of administration, repeated administration may
occur (but is not facilitated based on the unavailability of alternate ENSI forms), and
assessment is focused on well-defined domains of early mathematical skill.
Limitations of the Current Study
Perhaps the largest sources of methodological error, leading to inferential threats and
the applicability of the findings were problems arising from (a) utilizing a convenience
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sample, (b) inclusive sample size, (c) attrition of subjects, and (d) non-randomized
subtest administration in the fall. While Cohen (1988) holds that “moderate assumption
failure” typically associated with screening a population distribution in experimental
design is less than necessary for correlational research, the threats to the current study
focus on the interpretation of the correlation coefficients intended to establish validity.
Thus, the idea that the ENSIs produce strong correlations implies a relative standard
through which inferences are to be judged. What is particularly relative is the size of the
sample in such inferences. Throughout the course of the study, other aspects of the design
methodology present challenges to the inferences included in previous discussion
sections. Apart from the limitations discussed in sections examining alternative
hypothetical explanations for ENSI behavior, more general threats to methodology are
included herein.
Sample demographic estimates included across sessions approached district and state
estimates. The generalizability of the findings can be facilitated through the examination
of the sample and other similar communities as well as base rates of mathematical failure.
Districts with similar demographics and mathematical entry-level performance are more
likely to obtain similar results. However, the subjects included in the current study are
hardly a representative sample of the population of kindergarten students in the state or
nation. Generalizing these results to other populations will be limited by the use of the
convenience sample in the current study. Specific aspects of the current design such as
the setting, criterion measures, experimenters, and mediating variables such as
involvement and interest on the part of the superintendent and pupil services directors
may not prove consistent in a replication. Specifically, variables related to persons
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(teacher ratings and staff involvement) are concerning. Also, numerous other outcome
measures for early mathematics are available for use. Variation in validity coefficients is
thus expected to some degree upon generalizing outside the parameters of the current
study.
In experimental research, power analyses are undertaken to examine relative design
components such as sample size and probability of rejecting a null research hypothesis.
Inherent in this idea is the notion of probability. Cohen (1988) indicates that the
probability of obtaining useful results depends upon repeated observations per
subcomponent of a research domain. In ANOVAs, for example, mean differences are
computed based upon cell variation and the same principle holds whether the purpose of
the research is to uncover relationships or differences in populations. Since virtually all
experimental research deals with the idea of relationships between variables, a notion
extending from the general linear model, correlation is a fundamental component
inseparable from its relative characteristics in research design. One critical relative
characteristic is the sample size, which amounts to number of observations per
measurement or variable subdivision.
The inclusive sample size of 64, in which diagnostic accuracy analyses were
undertaken, is a significant limitation given that plausible explanations in score variation
may just as well include range restriction as it may heterogeneity, although it is more
likely that heterogeneity in responses suffered. Paradoxically, a representative sample
must have a relatively equal amount of cluster and dispersion to account for normality in
score distribution as well as in the distribution of residuals. Restricted sample sizes do not
allow for this paradox, because relative and useful amounts of variation and cluster thus
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define a normally distributed set of observations. All things being equal, if these research
conditions were replicated with some consistency, larger samples would likely produce
different results. Thus, low sample size is a significant threat to external validity and
holds the current results as tentative pending further research.
Throughout the course of the study, numerous participants were lost. Reasons for
attrition began with limitations in the ability of experimenters to follow up on student
absences. Thus, a criterion was set that if a student missed one testing session and the
follow up absentee session, the experimenter was not to attempt a third try. The original
inclusive sample size was 100. Just prior to the fall testing session, 10 students were
taken from this sample and administered the ENSI measures as an initial field test to
examine the measures for consistency in directions, layout, ease of use, and demand
characteristics. A third reason for attrition were time limits imposed upon testing
sessions. It was originally estimated that TEMA administration would take, on average,
25 minutes per student. Following the first day of testing, estimates were recalibrated due
to actual averages of over 30 minutes. While every effort was made to obtain these results
at another time, it was not feasible given the significant commute each experimenter
undertook.
In the winter testing session, on short notice, one school’s kindergarten rescheduled a
field trip following a no-school snow day. Consequently, rescheduling examiners was
difficult given the significant commute to the testing site. Additionally, 12 test protocols
(both ENSI and TEMA) were excluded due to the illegibility of scores. Finally, 3
students exhibiting severe behavior problems during testing were excluded from the
study. These practical limitations may have influenced the results in numerous ways. For
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example, students absent in the wintertime are more likely to be students without reliable
transportation to school. Given the significant numbers of students receiving free- and
reduced-price lunch in this district, it is plausible to suggest that a significant amount of
attrition data were not likely to be randomly distributed about the mean of the obtained
set of scores, which is a limitation to the current findings.
Alternate explanations for unreliability of ENSI scores may be accounted for through
subtest order effects. In the fall, each subtest was administered in order, beginning with
COF. Those subtests administered later in the sequence may have evidenced inflated
scores due to aggregated practice effects, while obtained scores on the COF subtest may
have been underestimates of true student mathematical knowledge. Methodologically, a
threat to the validity of the ENSIs is exposed through using a single standardized measure
of early mathematics ability, which may not be sufficient to rule out other plausible
explanations for what the ENSI tasks measure.
Given the timed or latency-based nature of the tasks, it is likely that the ENSIs may
measure some aspects of a rapid automatic naming construct, which is not specifically
related to early mathematics ability and included in tests of phonological processing
(Hintze et al., 2003; Wagner et al., 1999). This may be especially true for the NRF task.
Indeed, such measures may have emanated from the field of intelligence testing borne of
compulsory schooling and advanced through federal legislation in the era of IDEA. At
the core of intellectual assessment lies the general factor, or g, which ubiquitously
explains individual differences across psychological and educational disciplines.
Promising to note is the instability in IQ inherent in young children. Given the
documented growth in numerous early skills and competencies (National Research

164

Council, 2000), it is difficult to attribute variation in obtained scores and validity
coefficients directly to intelligence without examining intellectual ability or even
phonological processing (Wagner et al., 1999) as a possible set of covariates.
Second, variation in testing settings across schools was of concern. Although each test
session occurred directly outside of the student’s classroom, the testing completion took
approximately 21 days altogether. Each day, school schedule changes led to hallway
disruptions and on one occasion, cancellation of the testing session. Of the three schools
in which the data was collected, one school was consistently quiet while the other two
featured common hallway distractions. Although staff and teachers contributed to orderly
testing sessions, no specific experimental controls were built in. Therefore, variation in
test score accounting for heterogeneity in useful distributions may have been accounted
for by error in setting variance.
Failure to obtain interscorer reliability data may have led to procedural drift which
could not have been accounted for by initial and follow-up training sessions. While
training sessions and opportunities for observation, discussion, and feedback were
relatively extensive, variation in examiner readiness may have led to the unreliability of
certain measures. Any conclusions about covariance, fundamental to the r statistic
obtained for examining validity, must be held in check if based upon faulty or unreliable
measures. Although reliability coefficients for some measures were strong, ANOVAs
across examiner evidenced reason to investigate components of the current study related
to procedural integrity. Ensuring standardized directions and accounting for variance
through comprehensive training of experimenters can likely improve the results of the
current study. This is not to mention reexamining test and scoring protocols for clarity in
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directions to examiners. It was noticed that different ENSI subtests contained different
hesitation and discontinue rules. In the spring session, diverging from the previous two,
sections on the scoring protocol sheet were highlighted, thus inviting more
methodological error variance into the design. Future experimental control is warranted.
Future Directions for Research and Practice
On the basis of this research, tentative utility has been demonstrated in early numeracy
assessment tasks. Recommended application of these tasks to practical arenas are
advanced, but with care and caution. First, if to be used in an educational setting, only the
NRF and OPF tasks are likely to produce useful results. Educators utilizing the ENSI
tasks are cautioned to have more valid mathematics measurements available to confirm
screening results. The most pressing need for further development of ENSI tasks is the
systematic replication of the study with a larger sample size. In addition, it is
recommended to include only the subtests demonstrating adequate reliability, validity,
and decision accuracy, as well as the ability to change over time in meaningful and
observable raw score units.
Beyond this fundamental and straightforward component is the consideration of the
RSF task and its dubious internal consistency yet strong correlation to teacher ratings.
Further examination of the MQF task to better represent early mathematical curricular
domains is also recommended. Synthesis with current research examining first grade
numeracy skills is recommended as well (Clarke and Shinn, 2004). Construct validation
studies looking at factor analysis and item structure may prove to be useful, as may
different models for representing growth across measures so as to generate hypotheses
into the developmental order of subtests. A final and critical direction for future research
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is the development of alternate forms useful in supporting and advancing formative
assessment for mathematical decision making. Overall, the context for a future research
agenda belongs to schoolwide improvement efforts and using the information obtained
from the ENSIs to inform educational practice in the classroom (Black & Wiliam, 1998).
Practical utility must be demonstrated explicitly through direct work with teaching
staff around the use of formative early mathematics assessment so as to generate
hypotheses about the social impact of these measures. Given that empirically supported
assessment and intervention practices are relatively new to early schooling in the U.S.,
rampant and frequent use of ENSI measures in school-based research should be strongly
considered. Consulting data in educational decision making is a critical future direction
for all schools, so as to guard against perceptions implicating education as an
underdeveloped professional field. Assessment for the sole purpose of improved
educational outcomes is a driving force behind this research and its conclusions.
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APPENDICES
APPENDIX A
INSTRUCTIONS, SCORING, AND STIMULI FOR COF

“I want you to count some numbers aloud. When I say begin, / want you to start at the
number I tell you, and count to another number I tell you. Listen carefully as I try one.
I will start at four and count to seven. / say four, five, six, seven. ’ Your turn. Start with
three and count to six.”
Correct Response
That’s right. You counted three, four, five, six.
Let’s try some more.

Incorrect Response
I want you to start at three and
count to six. Three, four, five, six.
You try again. Start at three and
count to six.

Start the timer as soon as you issue the directions, and end when they have counted until
the last number.

Rule
HESITATION

Criterion
3 Seconds

Directions
If child hesitates before or during
counting, stop the timer, note the time, and
score the item as incorrect.

DISCONTINUE

First 5
items

Discontinue testing if the child misses the
first five items.

SKIPS NUMBER

Any
number

If child skips a number, stop timer and
score item incorect

Child does not START with number provided
Provide this prompt only ONCE. Stop timer and interrupt as soon as error is made.
Repeat the item directions (start with _ and count until _), emphasizing the numbers.

Child does not STOP with number provided
No penalty. Stop the timer at the second number. Say “remember to stop at the number I
tell you.”
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Counting on fluency (COF) answer sheet (stimuli are oral/verbal directions)
Correct
(1 or 0)
1.

Start at 7, Count to 16 (10)

7 8 9 10 11 12 13 14 15 16

2.

Start at 1, Count to 8 (8)

1 2 3 4 5 6 7 8

3.

Start at 3, Count to 5 (3)

3 4 5

4.

Start at 5, Count to 12 (8)

5 6 7 8 9 10 11 12

5.

Start at 1, Count to 4 (10)

12 3 4

6.

Start at 6, Count to 11 (6)

6 7 8 9 10 11

7.

Start at 2, Count to 5 (4)

2 3 4 5

8.

Start at 1, Count to 6 (6)

1 2 3 4 5 6

9.

Start at 9, Count to 17 (9)

9 10 11 12 13 14 15 16 17

10. Start at 2, Count to 6 (5)

2 3 4 5 6

Total Correct
Total Time
Total Score

60 x # correct
Total Time
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APPENDIX B
INSTRUCTIONS, SCORING, AND STIMULI FOR NRF
“Now I want you to say the names of these numbers (point) as fast as you can. I want
you to start here, and name all the numbers in this row before you go on to the next
row (point to rows). Name as many numbers as you can. Just do your best and tell me
the names of the numbers. Put your finger on the first number. Ready, begin.
Start your stopwatch. Give the child three seconds between numbers before you provide
the answer and mark the number as incorrect. If you must provide a number, say the
number and then point to the next number on the sheet and say “what number?” At the
end of 1 minute, place a bracket (]) after the number and ask the child to stop. If the child
misses each of the first ten numbers (the first row) then discontinue.

Rule
HESITATION

Criterion
3 Seconds

Directions
Provide the number and point to next item,
saying “what number?”

DISCONTINUE

First line

Discontinue testing if the child misses the
entire first line, which is 10 items.

SKIPS NUMBER

Any
number

If child skips a number, cross out number
and do not count number in the total
correct.
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Facsimile of NRF probe (formatted to fit page) - answers recorded on similar page

19

17

4

15

9

10

6

8

16

7

17

5

5

1

18

13

18

10

16

12

6

19

11

18

14

6

12

1

20

9

4

1

6

17

7

3

7

2

20

13

5

19

5

1

18

13

18

10

4

1

6

17

7

3

10

2

16

15

4

9
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APPENDIX C
INSTRUCTIONS, SCORING, AND STIMULI FOR MQF
“Now we are going to look at some pictures (point to pictures) and numbers (point to
the number). I want you to point to the number over here (point) that tells how many
things are over here (point). Let's try one. Watch me."
“I am going to point to the number 4 (point). It looks like there are four ice cream
cones in this circle (point). The ice cream cones here (point) are the same as the
number 4 (point to the number 4), so I point to the number 4."
“Ready, your turn! Let's try one with cats. I want you to point to the number that tells
how many cats are in the circle."

Correct Response

Incorrect Response

Good. There are 6 cats in the circle. Let's try
some more.

The correct number is 6 (point to the
number) because there are six cats
(quickly count the cats). Let's try
again. Point to the number that tells
how many cats are in the circle.

As you place the stimulus item in front of the child, reissue the prompt “point to the
number that tells how many_are in the circle and start your stopwatch. Stop the
timer when the child either verbally identifies or points to a number.

Rule
HESITATION

Criterion
5 Seconds

Directions
Stop the timer if the child does not respond
to an item after 5 seconds.

DISCONTINUE

First 3
items

Discontinue testing if the child misses the
first three test items.
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Example of MQF stimulus and answer sheet

Point to the number that tells us how many,
are in the circle.

Correct Answer

1.

Bananas

6

2.

Dogs

3

3.

Balls

5

4.

Fans

3

5.

Tomatoes

7

6.

Cats

4

7.

Ice cream cones

2

8.

Chairs

8

9.

Dogs

4

10.

Forks

5

Total correct:
Total Time:
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Score (1

APPENDIX D
INSTRUCTIONS, SCORING, AND STIMULI FOR OPF
“We are going to look at some pictures. Watch me. I will name the pictures and say
what place they are in. The “_” is in first place, the “_” is in second
place...(continue). I want you to tell me what place the ball is in.”
Correct Response

Incorrect Response

Good. The ball is in third place. Let’s try
another one.

Look. The ball is in third place.
Watch me name the place. First,
second, third. The ball is in
third place. Your turn. What
place is the ball in?

“Now point to the picture in 5th place.”
Correct Response

Incorrect Response

Good. The tomato is in 5th place. Here are
some more pictures.

Look. The picture in 5th place is
the tomato. Watch me find the
picture in 5th place. First,
second, third, fourth, fifth. The
tomato is in fifth place. Let’s try
again. Point to the picture in 5th
place.

Begin the task using the prompts supplied on the scoring sheet. Start your timer directly
after you ask the question. Stop timing after the child either produces a verbal or gestural
response or if the child does not answer the question within 5 seconds.
Any response is acceptable if the child produces a number when asked. For example, if
the child is asked to name the place the ball is in and says “three” rather than “third,”
score the item correct (if indeed the ball is in third place!). If a child is asked to point to
the item in a specific place, the child may either point or say the item name.

Rule
HESITATION

Criterion
5 Seconds

Directions
Stop the timer if the child does not respond to an item after
5 seconds.

DISCONTINUE

First 4 items

Discontinue testing if the child misses the first three test
items.

PROMPT

Child points
when asked to
name place

Say “what place?” once per item, but as many times as
necessary on test.
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Ordinal position fluency stimulus material and answer sheet

♦

♦

♦

♦

Correct Answer

1.

Point to the picture in 3rd place.

Points to or says Ice Cream

2.

Point to the picture in 5th place.

Points to or says Banana

3.

What place is the fan in?

Second or Two

4.

What place is the ice cream in?

Third, Three, Middle

5.

What place is the cat in?

First, One, or Lead

6.

Point to the picture in 4th place.

Points to or says Chair

7.

What place is the chair in?

Fourth or Four

8.

What place is the banana in?

Fifth, Five, Last

9.

Point to the picture in first place.

Points to or says Cat

10.

Point to the picture in second place.

Points to or says Fan

Total Correct:
Total Time:
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♦
Score (1 / 0)

APPENDIX E
INSTRUCTIONS, SCORING, AND STIMULI FOR RSF
“We are going to look at pictures that are big, small, long, short, and some that have
more or less. We are going to talk about numbers too. Let's try one. I want you to tell
me which is longer, the banana or the fork?

Correct Response

Incorrect Response

Good. The banana is longer than the fork.

Look, the banana is longer than
the fork. The banana is this long,
and the fork is this long (point).
The banana is longer, and the
fork is shorter. Which of these is
longer, the banana or the fork?

What number is bigger, 5 or 2?

Correct Response

Incorrect Response

Good. Five is bigger than two. Let's try some
more.

Listen, 5 is bigger than two.
(Hold up 5 fingers and count)
Five is this many. I count less to
get to two (hold up two fingers).
1,2. Try again. What number is
bigger, 5 or 2?

Begin timing directly after you ask the question, and stop when the child provides a
response. Stop timing if the child does not respond after 5 seconds, and score the item
incorrect.

DISCONTINUE
Discontinue if the child misses the first three items.
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Practice item on RSF probe and answer sheet

Question

Answer

Correct

0

1.

Which animal is shorter, the cat or the dog?

cat

1 /

2.

Point to the bigger number.

7

1 /0

3.

What is the smallest thing on this page?

fork

1 /0

4.

Which is smaller, the number 3 or the number 5?

3

1 /0

5.

Who has more cookies, the dog or the cat?

cat

1 /0

6.

Which is bigger, the number 10 or the number 6?

10

1 /0

7.

Which circle has less bananas?

bottom

1 /0

8.

Are there more dogs or cats on this page?

cats

1 /0

9.

Can you tell me any number greater than, or
more than five?

>5

1 /0

10.

Name the biggest number in the square.

20

1 /0

11.

Can you tell me any number less than,
or smaller than 14?

<14

1 /0

12.

Which is longer, the fork or the cookie?

fork

1 /0

13.

In real life, what is bigger: a chair or a banana?

chair

1 /0

Total correct:
Total time:
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